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11.  AMTR^CT 


Report  describes  a  study  of  methods  for  surveillance  of  Ocean  Dumping  Operations 
in  New  York  Bight.  General  requirements,  system  approaches  and  system  specifics' are 
discussed.  Applicable  candidate  systems  are  described  and  are  rated.  Total  cost  of 
ownership  is  considered.  The  reccaaended  system  is  des cribed. in  the  text  and  in 
hardware-procuremsnt  and  installation  specifications .  Beir— wilrnl  system  uses  Loran 
A  for  position  fixing,  draft  sensing  for  detecting  occurrence  of  dtmqp,  and  means  for 
recording  these  and  other  important  events.'  For  maxim—  application  flexibility,  a 
dump  detection  subsystem  is  added  to  basic  system.  Basic  system  is  called  Loran- 
Eve^ts-Prifiter-System.  When  a  more  positive  sensing  of  dump  is  added  on  the  same 
vessel,  total  system  is  called  Draft -Events- Loran- Printer-System.  When  dump  sensing 
occurs  on  a  towed  barge  or  scow,  equipment  on  the  tewed  vessel  is  called  Scow,  Indi¬ 
cating  Draft  System.  Ba^ic  system  is  contained  in  a  single  "black-box",  requires 
little  vessel  preparation,  and  can  be  placed  aboard  a  vessel  upon  short  notice.  No 
system  configuration  requires  a  connection  between  a  towed  dumper  and  the  towing  tug. 
The  recommended  system  requires  no  major  development  effort.  System  concept  involves 
the  recording  every  6  minutes  of  vessel  position,  the  recording  of  important  events, 
and  the  recording  of  draft  sensing  if  desired.  Provision  Is  also  made  for  recording 
ether  dump  status  signals.  Indicators  showing  read-outs  of  the  Loran  lines -of - 
position  are  visible  for  use  as  a  navigation  aid. 
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This  report  describes  a  study  of  serveilla-  ce  of  Ocean  Dumping 
Operations  in  the  Maw  York  Bight.  General  requirements,  system  approaches 
and  system  specifics  are  discussed.  Applicable  candidate  systems  are  de¬ 
scribed  fund  arc  rated  using  customised  evaluation  and  analysis  techniques, 
including  consideration  of  total  cost  of  ownership.  The  ’‘preferred1' 
system  thus  defined  is  descric*  '  »  he  text  end  in  appended  hardware 
procuromon  t  tuna  ijtstai  lation  specifications.  The  preferred  system 
utjj isos  Lcran  A  for  position  fixing,  draft  sensing  for  detecting  the 
occurrence  of  dump,  aid  nouns  for  recording  those  ns  veil  as  important 
events.  For  nav.ira.un  application  fle:-ubili.ty,  a  drrp  detection  subsystem 
is  added  to  a  basic  system.  The  basic  system  is  called  *LBPSn  (for 
Lor^-'i-B/onts-Printor-Systori).  When  a  more  positive  sensing  of  dump  is 
added  on  the  same  vessel,  the  total  system  is  call  id  Ei,PSB  (for 
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towed  barge  or  scow,  the  equipment  on  the  towed  vessel  is  called  "SIDS" 
(for  Scow,  Indicating  Draft  System) .  The  basic  system  is  contained  in 
a  single  ■black-box11 ,  requires  minimal  vessel  preparation,  and  has  the 
advantages  of  transportability  in  that  it  can  be  placed  aboard  a  vessel 
upon  short  notice.  ?'o  sys tom  configuration  requires  a  connection  between 
a  "loved  dumper  and  the  towing  tug.  Furthermore,  the  preferred  system  re¬ 
quires  no  major  development  effort.  The  system  concept  involves  the  re¬ 
cording  every  six  lirmtcs  of  vessel  position  as  detenu  nod  by  automatic 
tracking  Loren  receivers,  the  recording  of  import'1'1 1  events  as  they  occur, 
and  tiis  recording  of  draft  sensing  if  desired'.  Provision  is  also  mate  for 
reeorilrg  other  diro  stairs  signals  (like  dump  valve  status,  etc.). 
Indicators  showing  read-outs  of  the  Loren  lines-cf-position  are  visible 
for*  UK  as  a  navigation  sid,  at  the  discretion  of  the  captain. 
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SECTION  1.0 


INTRODUCTION  AND  SUMMARY 

1.1  PURPOSE  OP  STUDY 

*  The  Anuy  Corp.  of  Engineers  has  the  responsibility  to  grant  per¬ 
mission  for  the  dumping  of  wastes  in  the  ocean.  Thc3e  pend ts  authorize 
the  dumping  of  wastes  in  specific  cjiunp  aroas  according  to  the  nature  of 
the  waste  material.  Ocean  dumping  is  believod  to  be  occurring  in  locations 
other  than  the  prescribed  damp  areas.  The  extent  cud  typo  of  the  violations 
is  not  exactly  known  because  of  the  present  lack  of  a  suitable  monitoring 
system,  but.  it  is  assuaxd  that  the  violations  are  rarely  attributable  to 

safety  considerations  or  ^urgency  conditions.  The  convenience  and  com- 

1 

fort  of  the  captain  or  crev  are  possiblo  prime  factors.  Rough  seas  and 

i 

generally  bad  weather  are  consequently  likely  conditions  for  early  dumping. 
It  is  expected  that  faulty  navigation  occasionally  may  result  in  a  dump  in 
othor  than  the  liconscd  location. 

For  many  reasons1,  including  the  potential  severity  of  the  impact 
of  such  piTiCticws  on  the  envi  ronatmb,  the  Now  York  District  wishes  to 
apsurc  that  tho  dumping  of  wastes  is  indeed  taking  piece  according  to  the 
provisions  of  the  permits  end  applicable  regulations,  end  accordingly  has 
authorised  a  planning  program  to  define  a  surveillance  monitoring  system. 

The  problem  is  stated  as  foil  rwsi  Ocean  draping  by  licensed  duip 
vessels  is  occurring  in  other  than  the  assigned  dump  areas.  Since  this  is 
a  violation  of  doping  regulation*  (for  whatever  the  cause ),  the  New  York 
District  is  confronted  with  tho  problem  of  limiting  such  violations  by 
whatever  legs!  nesns  are  available,  such  as  imposing  severe  fines  and  re¬ 
voking  pern* t-..  Tt  rcr^ins  th>n  to  define  a  *y«.tem  which  can  provide  the 
base  for  corrective  actions. 
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On  22  March  1971  the  M Ye-?*’:  Pirtvict  r’.v.thorir'ol  the  Sperry  Systems 
Management  Division,  SSIfl),  to  proceed  with  u  planning  program  to  uccoupliah  tho 
following: 

.  KxAiiiir.3  the  New  York  oconn  durjung  scenario, 

.  Determine  system  rating  criteria, 

.  Determine  system  specifics, 

.  Review  approaches  and  candidate  sy  stores, 

.  Ex amino  performance  characteristics, 

.  Examine  comparative  costs, 

•  Rate  candidate  systems 

.  Select  and  recorescnd  ,a  "preferred*  system 
.  Prepare  an  implementation  plan, 

Tho  results  of  tr.o  planning  program  conducted  by  SSMD  are  presented  in  this  report. 

«*•*  m«imVA«*  *V#  u.‘  oiiStt  JU  4  uup.wiU*0 

Since  this  was  i»ot  purely  a  theoretic  study  to  increase  the  scientific 

hank  of  knowledge,  but  rather  was  a  progress  to  define  a  system  and  develop  a 

1 

plan  capable  of  being  readily  iupleaonted,  practicality  was  of  prime  importance- 
The  system  approach  was  to  consider  equipment  to: 

i 

.  Sons#  th»  occurrence  of  thm.rj 
.  Sense  the  location  of  the  desp;  and, 

.  Suitably  record  the  data. 

Factors  contributing  to  tho  requirements  and  approaches  arc  discus. -el  in  sections 
2  end  3  of  this  report.  Poth  rsel-tjsse  zr4  post-occurrence  reporting  of  the 
recorded  d»t«  were  considered.  Alco  considered  were  the  following  desirable  system 

i 

features:  ?  t 


i 


*  Positive  detection  of  dumping  violations, 

.  Simple  operating  procedures,  “ 

.  Minimal  equipment, 

.  Reliable,  proven  equipment, 

.  All-weather  operation, 

.  Common  equipment  for  different  types  of  vessels, 

.  Compatible  with  existing  ana  future  ocean  disposal  requirements, 

•  Simple  maintenance, 

.  Easily  made  operational 
.  Tamperproof 
.  High  legal  effectivity 
.  High  cost  effectivity. 

1-3  CANDIDATE  SYSTEMS 

A  large  number  of  candidate  systems  were  considered,  as  described  in 
section  4  of  this  report.  Of  the  many  candidates,  the  following  were  most  attractive. 

-  to  sense  occurrence  of  dump; 

.  Draft  sensors, 

.  Monitoring  of  Dump  commands  and  actuators, 

.  Monitoring  of  Dump  valves,  doors,  etc.,  and 
.  Events  entered  by  captain  at  start  and  end  of  dump. 

-  to  sense  location  of  dump; 

.  Omega,  : 

j 

.  Loran  C,  j 

.  Loran  A,  .  ! 

.  Shore-based  RDF,  and, 

.  Shore-based  Radar,  *, 


t 


-  to  record  the  data; 


•  Magnetic  tape, 

•  Punched  paper  tape,  and 

•  Alpha-nurobric  printed  paper  tape. 

1.4  SUMMARY  OP  RESULTS 

The  system  rating  criteria  and  evaluation  procedure  are  pro- 
sented  in  Section  5  of  this  report.  Performance,  Reliability,  Maintain¬ 
ability  and  costs  are  discussed  respectively  in  Sections  6,  ?,  8,  and  9. 
The  various  candidate  systems  are  rated  in  Section  10.  These  considera¬ 
tions  have  led  to  the  identification  of  a  recommended  "preferred"  system 

1 

which  is  described  in  Section  11  and  forms  the  base  for  the  implementa- 

\ 

tion  specifications  of  Appendices  D,  E,  F,  and  G. 

i 

The  re  comroenda  ti on  for  the  Dump  Monitoring  System  (DM3)  is  a 
basic  system  embodying  loran  for  navigation  and  position  fixing,  an  events 
unxt  for  entering  start  afrd  end  of  dump  and  other  significant  events,  and 
a  printer  to  provide  a  written  record  of  dump-related  activities.  This 
basic  system,  called  LEPS  for  Loran  Events  Printer  System,  would  be 
augmented  by  positive  dump  sensing  when  appropriate.  This  approach  is 
recommended  as  the  result  of  a  systematic  consideration  of  many  factors 
and,  as  discussed  in  the  report,  best  satisfies  all  requirements.  In 
operation,  ship  position  is  continuously  recorded  (every  6  minutes)  by 
printing  two  lines  of  position  from  two  on-board  automatic-tracking  loran 
receivers.  Also,  the  two  LOP's  are  presented  tc  the  captain  for  use,  at 
his  discretion,  as  a  navigation  aid.  The  captain  presses  a  button  on 

the  events  unit  at  the  start  of  dump  and  another  button,  to  indicate  the 

# 

completion  of  dump.  Tho  events  unit  is  also  used  to  enter  other  signi¬ 
ficant  events  such  as  "passing  Ambrose  now",  etc.  The  printer  is  a  21- 
channel  paper  tape  alpha-numeric  printer.  • 
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Appropriate 


fusing  and 


ioss-of-function  alarm 3  aru  provided. 


The  equipment  for  the  basic  system  LK)S  is  housed  in  a  single  equipment 
rack  which  can  bo  table  or  deck  mounted,  requiring  /cry  little  shipboard 
space.  Only  four  electrical  connections  to  the  rack  arc  required.  Two 
for  primary  electric  power,  and  two  for  r-f  (one  antenna  and  one  ground). 
The  simple  installation  and  low  weight  packaging  ’ s  a  decided  advantage 

of  the  LEPS,  since  it  permits  use  of  a  "portability"  concept  for  use  -board 

« 

ships  that  only  occasionally  dump  and  do  not  justify  the  investment  of  a 
permanently  installed  system. 

An  additional  feature  of  the  recommended  system,  LEPS,  is 
that  it  requires  no  equipment  aboard  a  towed  dump  scow.  Thus  in  an 
operation  where  any  of  numerous  tugs  may  tow  one  or  more  scows  to  the 
dump  area  where  the  trip  is  frequently  made,  the  LEPS,  when  not  in  use, 
could  be  kept  at  the  scow-loading  area  and,  using  the  LEPS  portability 
feature,  placed  aboard  the  selected  tug  at  the  time  the  vug  picks  up  the 
scow. 

furthermore,  the  fact  that.  LSPS  does  provide  two  Loran  LOPS 
for  use  by  the  captain  as  navigation  aids  (at  his  discretion)  is  another 
decided  advantage. 

The  LEPS  includes  no  equipment  for  sensing  the  occurrence 
of  dump  and,  instead,  relies  upon  the  captain  to  enter  the  start  of  dump 
and  end  of  dump  via  the  events  unit.  This  system  has  many  *ttrcct'vj 
features  but  certain  situations  require  a  more  positive  dump  detection. 

t 

To  accommodate  these  applications,  a  draft  sousing  sub- ays tern  would  be 

i 

added  to  th3  basic  system.  When  containod  on  one  vessel  the  LEPS  plus 

i 

i 

i 
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draft  sensor  id  called  "DELI'S'1  (fur  Dj ‘a  f t - Jv. u  1 1 1-  s  Tr :  n t v: ; ■  ~  Sy stem). 
Example?  of  such  installations  arc  ealf-propol.i eel  dumpers  (like  Newtown 
Creek,  sewer  sludge  dumper)  or  sophisticated  barges  with  larger  on-board 
crews  and  significant  power  generation  capability  (like  Koran  103  barge 
used  for  National  Lead's  acid  waste).  Khun  the  application  involves  a 
barge  or  scow  which  has  crew  or  power  limitations,  the  towing  tug  would 
carry  the  basic  LEPS  and  the  bergs  would  carry  a  Scow  Indicating  Draft 
System  (called  "SIDS"). 


..5  CONCLUSION 

The  problem  of  monitoring  sea-dump  operations  can  be  solved 
\ 

in  a  practical  way  by  employing  the  recommended  systems,  DEJ..PS  or  SIDS 

t 

and  LEPS.  The  recommended  systems  satisfy  all  requirements  while  repre¬ 
senting  low-cost  approaches  which  are  immediately  applicable  for  the 
present  dump  sites  and  require  no  modification  should  the  dump  sites 

I 

move  offshore  100  or  150  miles.  Furthermore,  the  recommended  systems 

! 

can  be  used  in  any  area  covered  by  LOBAH  (for  practical  purposes,  all  of 
continental  USA),  for  the  monitoring  of  ocean  dumping  of  waste  material. 
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SECTION  2.0 


SYSTEM  SPECIFICS 


2.1  GENERAL 

The  synthesis  and  evaluation  of  candidate  systems  for  the  Dump 
Monitoring  System  requires  a  comprehensive  understanding  of  present 
operational  dumping  practices  and  detailed  information  and  characteristics 
of  the  dump  vessels  themselves  including  vessel  berth  locations,  speed, 
range,  dump  control  specifics  (actuation  mechanisms  and  control),  and 
navigation  and  communication  equipments.  Additional  factors  to  be  con¬ 
sidered  include  dump  vessel  traffic,  type  and  composition  of  dump  material, 
existing  shore  facilities  which  may  be  utilized  for  the  D'IS  and  vessel 
owner/ captain  cooperation.  With  the  above  information,  system  require¬ 
ments  including  operational  requirements,  mission  requirements  and  sub¬ 


system  performance  requirements  can  bo  formulated  and  utilized  for 
©valuation  of  system  approaches  and  rating  of  candidate  systems.  Figure 
2-1  shows  in  diagrammatic  form,  the  pertinent  factors  to  be  considered  in 
establishing  system  requirements.  These  factors  are  discussed  in  this 
section. 


2.2  ‘  OPERATIONAL  REQUIREMENTS 

2.2.1  DwdJteiiQMiiisn* 

The  dump  fleet  is  comprised  of  both  self -propel led  duwp  vessels 
and  tovod  bevgua  or  scows  operating  from  tart^s  in  Manhattan,  Westchester, 
Long  Island  end  Kcv  Jersey.  Per  tho  Rost  part,  the  aatto  vessel*  are 
rcguln;  ly  involved  in  dumping  *rd  would  logically  hnva  a  tE**?  permanently 
installed.  However,  for  ur-o  with  vessels  only  occasionally  involved  wi\h 
a  dump,  a  portable  system  which  can  tn  quickly  installed  aboard  would  bj 
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desirable.  Table  2-1  oresonto  a  suramary  ol*  tugs  and  dumping  vessels,  by 
company,  C6:jpri.->itij  th->  dump  fleet  to  vhi ch  the  N.Y.fl.C.K.  issues  pomits 


fox*  ocean  dumping.  During  the  study,  these  companies  were  contacted  to 
obtain  specific  infoimation  concerning  operating  procedures,  materials 
dumped,  areas  of  operation,  on-board  equipments  utilized  and  dumper  charac¬ 
teristics,  such  a3  typo  of  dump  mechanisms  utilized,  draft  changes  from 
unloaded  to  loaded  states,  manual  or  automatic  actuation  of  dump  controls, 
and  speed .  Visits  were  made  to  several  of  the  companies*  loading  doc’: a 
and  offices  to  obtain  additional  information  and  understanding  of  opera¬ 
tional  procedures  and  dump  vessel  characteristics.  These  included  visits 


to  Great  I.nke3  Drudge  and  Dock  Co.,  Moran  Towing  and  Transportation  Co., 

f 

and  Dept,  of  Water  Resources,  Bureau  of  Water  Pollution.  The  remarks 
contained  in  Table  2-1  r- r J  derived  from  in'km.-ulion  obtained  from  those 
visits  £3  veil  or  telephone  conversations  with  knouiedauablu  pursoimcl  of 

l 

the  companies.  Pertinent  information  and  data  related  to  the  prosant 
study  of  ocean  dump  monitoring  systems  arc  surr.mariy.ed  below. 

•  Dump  scows  presently  used  for  ocean  dumping  of  dredge 
spoils  are  of  several  basic  typ33  employing  different 
dump  actuating  Eochanlyr.s  and  configurations.  Oldor 
and  smaller  scows  generally  contain  6  or  S  pockets, 
osch  of  which  contain  doublo,  gravity  dump,  bottom  doox*n 
normlly  held  closed  by  cables  and  a  ratchet  and  pawl 
type  awchenlr*.  Release  of  the  pawl  for  “dumping*  is 
provided  by  hydraulic  jacks  operated  by  control  vnlvos 
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■KARY  OF  TUGS  AND  !'! 

IKPIiiG  VK83CLS  COMPR’t  3. 

C?;G  DUMP  FLMKT 

CoMpa 

nv 

Tugs 

Divnpors 

Remarks 

..MS  Modern  Trans- 

Mono 

V  Barges  in eluding 

Carry  Mostly  cower  sludge  but 

per  tut. 1.  on  Company 

Raritan,  Liquid 

at  tiros  caustic  wastes  to  109 

Waste  ifl,  Forrest 

wile  dump  site  (with  hinge  typo 
barge); uca  Moran  £  McAllister  tugs 

‘Hied  Chemical 

None 

Allied  theiiiical  ’fa 

Toyed  barge,  carries  acid  waste 

orp. 

to  acid  grounds,  large  Ins  4  tanks, 

como /.Visaed  air  used  to  puvp  out 
liquid,  one  hr.  per  tank,  Manually 
operated  at  p  *osont  (expect  to  use 

remote  dump  control  next  Month, 

30  rj. 

can  Dredging 

Albany 

0134,  135,  136,  .137, 

Carry  dredge  material,  bottom 

;  jjr.pany 

Troy 

13<3,  139,  156,  and 

dump  barges  used  with  hydraulic 

Caven 

15$ 

activation  of  doors;  sccwuan 
operates  dump  controls,  limited 
power  aboard  hnrga. 

.  ^Linb  ir  2c  Sullivan 

R.  If,  Goode 

£na,  ii9 

As  abo/e 

■*»  4  n- 

;  — t 

■a  •••  • 

»*4*0 

Great  Lakes  Dredge 

D.  C.  Lynn 

#9,  10,  12,  13,  14. 

Carry  mostly  dredge  ir.nlorial. 

i  ad  Dock  Co. 

John  Downs 

40,  41,  42,  43,  61, 

Bottom  dump  largos  of  hi  tig :  type  oi 

i 

Feoloy 

62,  CO,  81,  90,  91, 

pocket  type  (6  to  8  poo’  ‘  -■)  with 

r 

i 

i 

92,  93,  94,  and  95 

double  doors  hydraulically 
operated  and  controlled  l jy  scovot  a, 
tugs  use  radar  for  dump  n'tn 
location. 

t 

1  eAl lister  Brother 

st,  Grace,  Jane, 

WEST CO  S\ 

Tugs  contracted  by  other  companfea; 

*nc. 

Brian, 

• 

WKS'i’CO  gl  newer  sludge:  vessel  used 

A.-J.  David,  Ti 

oothy 

by  VkstchosLer  County  sever 

Justine,  G.M. 

Dor.  a  I 

authority,  has  2  pockets,  nuwp  out 

Dorothy,  Magics, 

Korgarst,  Nnney,  and 
fcuricl  HuAlUsUr 

covygc 

Moran  Toving  and 

Torero,  Gath- 

fc,rr:  #102 

Tugs  contracted  by  other  coMp^nio.n* 

Tm»»rportatlcn  Co. 

le-.*n,  Tatr’efa 

104 

tov  dredpv  spoil?,  collar  dirt, 

> 

Michael, 

o  106 

sever  gludp.,  and  arid  1*12, 

Harriet,  fbl.-n 

108 

103,  106,  k  110  ur.d  for  cellar 

Hnrf’t,  Atif:-?, 

no 

dirt,  103  Ter  ne'd  vastoa,  ®o««- 

I 

Hst**;-,  Carol, 

tlxx-s  dumpers  taVon  to  rnch>r»»g- 

! 

Cyrdhta,  ;b»*cy 

♦ 

in  Hrwklyr.  and  lat^r  hauled  cut 

1 

1 

» 

f 

1 

Gr  ;*• ; ,  rUr> 

t>*  ro*i . 

f 

both,  Joan,  and 

1 

Helen  Xor,->:> 
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Jj  ipnnv 

PM  Star  Towing 
jj  i  Transport.  Co. 


.  #  mtonturh  Pud 
Transport.  Service 


1  M.tndfuvl  Tank 
Clenning  Corp. 


Standard  Tank 

I, 

'•  ocn.no  Coastal  !t 
im i  bo r  Towing  Corp. 


•  »t.  of  U«t.jr 

flo  sources  Dureau 
■  *■  'c’ator  Pollution 


‘  ••  ..>h  Di?por-al  Co. 


I 

» 

» 


i 
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SUKMA'Kf  iy  VUGS  A.iU  isiHPjLNG  VESEaUJ  CCklPAISiNG  BWiP  FLEET 


(Continued) 


Tugs. 

Ocean  Star 
Port  Jcffernon 
Ocean  Pi 1 nee 
Rod  Star 

None 


Nemo 


None 


Francis,  Burney, 
Joan,  Kathleen, 
Boys,  Mario  J, 
Jamas,  Gills, 
Margaret,  and 
Helen  Turcenwo 


Hone 


•  Pniftnors. 
Nono 


Spark  ling  Viators 


Si  son  Frank 

Hoi,  103,  104 


None 


Coiviy  Island, 
Bevury  fey. 
Tollmans  Island, 
Owls  Hoad  and 
Nov ton  Crack 

a 

Ocr* r.n  Disposal  il 


i 

» 

t 
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Remarka 

Tugs  contracted  by  other  companies; 
all  tugs  have  Loran  for  navigation 
aid  for  100  mile  dump  site. 


Carry  caustic  war. ten  (Dupont, 

American  Cymiaido,  Chevron,  Hustle 
Cemp  -xny:)}  Dunbar  go  towed  by  Rod 
Star  Towing.  Remotely  operated  du.p 
control  fro:?  tug;  barge  has  4-300, GC: 
gallon  tanks.  No  e cowman  on  barge. 

Self  propelled  dump  sewage  vessel 
used  by  Kaoiiau  County;  has  6  pockets 
with  manually  operated  gate  valves. 

Generally  carry  dredge  spoils; 
contracted  by  other  company?. 

Vet  r  <  •A<tnri»  r%*  I  **-»  ^  y  i  f% 

struction. 

Provide  towing  service;  tugs  are 
diesel  powered  and  have  gyroeonp-isa, 
radar  &  RDF  oqutpsent,  no  control  on 
tugs  to  activate  dumps  average  tow 
speed  is  7  knots. 


Saif  propelled  cover  sludge  vessels; 
CVla  head  has  3  double  tanks  and 
sewage  dumped  by  Manually  operated 
gate  valves.  Vessel  contains  redsr 
end  radio;  speed  out  app* ox.  11  kncl 
makes  38  mils  round  trip. 

Carry  sever  sludge,  chemical  vnsto; 
Dunb»rgo  bottom  drop  (heap? r  with  8 
pockets;  hydraulically  oersted 
plug  valves  which  can  ba  mnm  lly  or 
remotely  active  ted.  Towing  speed 
approx.  7  knots,  33  hour  round  trip 
to  100  mile  dvv»p  site. 


locat'd  ’.H  thin  the  s"0'.»  bridge;  the-  spow'-n  ; -uni ally  con¬ 
trols  operation  of  the  valves  for  even  poe’e-i,  dv\;p  mocIi  - 
anisn*. 

Sovcral  of  Mia  dun*p  scowc  ere  of  the  hinge  typo  configura¬ 
tion}  the  scow  is  comprised  of  a  port  and  a  ntarboMd 
section  which  a)*e  hinged  ‘topstdo  (fore  and  aft)  clout 
which  the  two  suctions  rotate  dn  Jug  diu:p  operation. 

Large  diuMctor  hydraulic  pistons  locate*!  b.-r.cvth  the  foro 
and  aft  hinges  cause  tho  tvo  sections  to  bottom  separate 

i 

thus  allow! ng  the  dredge  upoiln  to  gravity  diup  into  tho 
1 

ocean.  Dunpingiis  actuated  by  a  scov-ivm  activating 
hydraulic  control  valve j.  Buap  tlvo  i3  on  the  order  of 
1>LI u.bl  klllut&j. 

On  some  barges  tho  dumping  is  remotely  activated  and  con- 

t 

trolled  fron  thp  towing  vessel  und  *.  sco yuan  need  not  bo 
a booid  the  barge. 

Self-propellod  dumping  vessels  aro  pr.iEa»*J.ly  used  for 
sewer  sludge  disposal  in  Hew  York  and  Long  Island.  Sewer 
sludge  from  Mew  Jersey,  howovar,  is  cavriti  out  by  barges, 
Tho  sol  f- -propelled  vessels  aro  outfitted  with  rraually 
operated  gate  valves  and  tho  sludgo  is  either  gravity 
dumped  or  p»i?p«4  out.  Ths  mi afc-r  of  pscJcsis  on  tho  sslf- 
p»x> polled  vessels  varies  fjoa  2  to  6,  depending  on  tho 
vassal,  Oifchorgv  tiao  varies  but  is  on  ths  order  of 
)5  »< mites. 
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.  Hazardous  ehc.4j.cala  and  cnn.ttic  wastes  are  c allied  out  to 
the  long  range  dump  site  (appx-oxi  mutely  300  miles)  on 
sco vs  tourd  by  larger  tugs  using,  in  most  cases,  1/3 ran  A 
for  navigation.  Tho  scows  arc  unattended  for  the  icost 
part  and  dumping  in  performed  by  remote  control  from  tho 
tug.  Dumping  tine  ranges  from  30  minutes  to  l£  hours. 

.  Significant  draft  change  from  leaded  to  unloaded  dates 
i 3  evident  on  both  the  self-propelled  dumping  vessels 
and  towed  barges.  Or.  tuu  average!  a  clnngo  in  draft,  of 
.12  feet  may  bo  expected. 

.  Navigation  equipments  ferrd  on  tho  majority  of  the  tugs 
and  self-propelled  vosjjls  include  gyrcccveass,  radio 


~v.#  urc^!  ^2'*  1 00  \c 


du,~rp3  in  addition  have  boron  A  receivers. 

.  fovor  aboard  tho  dump  scows  is  aini’inl  and  only  used 
during  dump.  Scow*:  on  aboard  the  barge  generally  use  a 
gas  lantern  for  lighting  then'  quarters.  Tho  sclf- 
pi  opal led  dump  vessels  end  lugs,  on  the  other  hand, 
have  both  D.C.  «rd  A.C.  power  available  for  radio,  radar 
and  othar  cquij’t^ntc  M  veil  an  general  lighting. 


2.2.2  Or  -rni  1 9  *-0 

0p5.'atie”“l  p^j-f  1 'res  utilised  by  licensed  oevan  duasping 

t 

cos*pnai  ,-5  aw-  siidlsr  b»t  V,  -  j  ra?*vvh-il  due  to  the  ‘.a.itc  mtorial  to 
bo  dh»vK'.l,  the  t/yi  r>l  of  c’u  '.y-- r  iu’  1  \ acd  o>>i  b-.rth 

location.  In  .*11.  03*“,  hov.'^r.  remits  allowing  ocean  doping 
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are  to  bo  issued  by  the  NiDJr'  for  a  specified  iv/riod  of  tii.  :,  d>.- ^ending 
on  job  circumstance,  and  my  very  fro/.  3  day  to  a  a  long  as  3  year. 

As  pj’ovi.ooaly  ind? ceted,  the  dumping  float  lorthi  are  loe  tt  d  or. 
Long  Island,  1  leu  Jersey  coastal  end  river  locations  a*.l  nlorr;  the  /art  and 
Hudson  Hi  vers  of  Hut;  York,  Operatin';  procedures  while  ernvute  to  the  dr  p 
sites  depend  on  the  berth  location-  since  navigable  inland  btys  and  rivers, 
du3  to  her. 4$  traffic,  vil3  i.?e  ■sslt&to  a  clor.r  to'./i o;:  dl  -jtar.ee  be t*.  .'cm 
barge  and  tug  as  well  as  slo.ro r  vessel  .vkoc’s.  In  addition,  cn  to: 
routes  low  bridges  will  require  the  tug  or  vessel  captain  to  p-wne  •t’nrd 
to  have  the  bridge  opened  upon  Ms  arrival  at  that  point.  For  the  return 
leg  of  the  dump  mission  to  inland  water  bays  and  rivers,  the  cnpl:,  >n  tray 
have  to  schedule  his  du’p  niysice*  and  tiro  hi  a  arrival  so  that  t  o  tide 
is  outj.'o."  n:<  to  pet  ml  t  control  of  the  b^rge/tv."  in  thc</cr.t  speed  r./st  ta 
seriously  curtailed  due  to  heavy  traffic.  0  the  re  iso  the  barge  my  bococ’c 
uncontrolled  due  to  tides  end  currents. 

Present  operational  procedure  necessitates  the  vessel  captain 
enreuto  to  the  durp  rite  to  cc:  unio.ibe  tc  the  harbor  supervisor  when 
in  the  vicinity  of  He,'  fork  Harbor,  Dumping  is  generally  per  foiled  on 
the  k.ovq ;  the  perm 1 1 ,  however,  ’is'wl ly  spoils  out  th>'  dump  p  -tind  to  be 
used.  Upon  reaching  the  duap  site,  the  captain  initiates  cwatancoi'ont 
of  dumping  to  ths  cccvtvan  by  i yg  whistle. 

tbathor  coud*  ti^ns  Mms  pr-hiblt  dv^.pir/  ve  *.**!?  ‘'*v  i  going 
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out  to  tho  dump  sites.  This  may  occur  an  average  of  8  to  10  times 
during  the  year.  With  sever  sludge,  large  storage  tanks,  located  at 
the  sewer  plant,  are  typically  used  for  storage  until  the  weather 
permits  dumping  operations  .to  resume. 

2.2,3  Environments 1  Requirements 

Ocean  dumping  operations  are  performed  24  hours  per  day, 

7  days  per  week  throughout  the  year  except  for  severe  weather  condi¬ 
tions  which  may  jeopardize  crew  safety  or  result  in  vessel/dumper 
loss  or  damage.  In  the  New  York  offshore  area,  severe  weather  con- 

I 

ditiens  which  prohibit  dumping  include  hurricanes,  severe  blizzards 

) 

or  strong  Northeasterly  winds  and  gales.  Personnel  of  several  com¬ 
panies  have  indicated  dumping  is  curtailed  on  the  average  between 

t 

0  +  TO  t/Ania  .  Hi  lYivn1!  r>  rt  WoV  Ko  OV-. 

v  *.»v  ,t.v  w.y  j  . . .  •*  *  *•"  y  . * 

f 

pectcd  to  be  performed  over  a  gamut  of  weather  environments  includ- 

! 

ing  fog,  drizzle,  snowstorms,  ice  storms,  thunderstorms  as  well  as 
in  fair  weather  with  corresponding  conditions  of  temperatures,  humidity, 

i 

sea  states  and  winds. 

These  weather  environments  may  be  expected  to  influence  the 
operational  performance  of  equipments  (depending  on  their  operating 
frequencies)  and  consequently  become  significant  in  evaluating  system 
approaches  and  in  rating  promising  candidate  systems.  Appendix  B,  Figure  B-l 
shows  the  range  degradation  of  an  X-band,  pulse  radar  for  various 
precipitation  rates  caused  by  back-scattering  and  attenuation  in 
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rain.  Degradation  range  due  to  fog  is  shown  in  Figure  B-2.  It  is 
apparent  that  a  system  candidate  utilizing  radar  will  have  a.  range 
limitation  significantly  affected  by  weather  environments.  Also  shown 
in  Appendix  B  is  average  normal  and  extreme  weather  conditions  and 


meteorological  data,  compiled  for  1970  by  the  U.  S.  Department  of  Commerce 

Environmental  Data  Service  for  the  New  York  area,  and  statistical  drtta 

* 

from  the  Washington,  D,  C.  area  (which  has  comparable  weather  conditions 
to  Now  York)  indicating  the  number  of  hours  during  the  year  a  given  preci¬ 
pitation  rate  may  be  expected.  The  data  will  provide  insight  to  the  number 

1 

of  days  during  the  year  various  forms  of  precipitation  occur  as  wall  as 

i 

thunderstorm  activity,  wind  speeds  and  direction,  and  humidity  conditions. 

i 

System  candidates  utilising  either  low  or  high  frequency  trans¬ 
mission  signals  arc  also  influenced  by  certain  weather  phenomena,  Radio 
signals  are  propagated  either  along  the  surface  of  the  earth  (so-called 
ground  wave)  or  reflected* from  the  ionosphere  (skywave)  depending  on  the 
transmission  frequency.  Up  to  about  3  It./.,  ground  wave  transmission 
predominates,  whereas  skywave  propagation  occurs  between  3  and  30  KHz. 

In  the  latter  ease,  the  transmission  path  is  unpredictable  and  consequently 
this  propagation  mode  is  of  little  value  in  navigational  systems.  Even 
with  ground  wave  transmission,  some  skywave  propagation  takes  place  and 
special  treatment  sometimes  is  required  to  discriminate  each  signal. 

Ground  wave  transmission  is  affected  by  atmospheric  noisy  and  is  observed 
to  be  worse  at  night,  particularly  at  higher  operr ting  frequencies. 
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Also  prcscn Wi  in  Appendix  B  Ip  atmospheric  noiro  intensity  hs 
a  function  of  frequency  measured  at  Scitunte,  Massachusetts  ever  a 
period  of  several  years.  At  1  MHz,  the  atmospheric  night  time  noise  is 
shown  to  be  500  times  greater  than  the  noise  occurring  during  the  day. 
Increasing  the  receiving  antenna  area  does  not  help  the  situation  since 
the  increased  area  simply  picks  up  more  atmosphorie  noise.  A  further 
characteristic  of  ground  wave  t  ran  side  si  on  is  the  variation  of  propagation 
velocity  which  results  from  changes  in  conductivity  and  dielectric  con¬ 
stant  over  the  earth  surface.  Although  this  variation  i3  small,  correc¬ 
tions  are  necessary  to  aesuro  accurate  fixes,  particularly  at  long  ranges. 

I 

Above  30  MHz,  transmission  of  signals  is  limited  by  line -of- sight 
(LOS).  Ignoring  multipath  problems,  the  transmission  path  i3  highly  pre¬ 
dictable  in  the  100  KHs  to  3  CHs  frequency  band  and  is  unaffected  by 
pr^cipi. la.iwii,  hUiiJupliozuwu  uiiu  of  day  ur  Cannon.  Lina— 
systems,  however,  arc  subject  to  horizon  limits  and  the  maximum  useable 
range  one  might  expect  is  given  by  the  expressions 

t 

(2-1)  R  =  1.2  fcy  -{»  1.2  ./~hg  where 
R  =  range  in  n.m.  ’ 

hp  »  height  of  transmitting  antenna  in  feet 
bg  =  height  of  receiving  antonna  in  feet 


Another  acpoct  of  tJw  voathor  envlrojrwit  which  has  signifi¬ 
cance  for  thG  du.np  monitoring  system  results  from  the  use  of  daap 
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detection  swicoro  incorporated  on  the 

Ico  and  prow  exposure  at  tjjo.oa  prohibits  nm ;r.i j.  op 

draulic  actuated  du'*:p  v.ochnn.h  ic.  and  the  scownn  i 


dr  .p  :  at1 

ovation  of  hy- 
c  often  required  to 


chip  off  tho  ice  bsfnro  the  durp  can  bo  rr«do.  Irr.t*  Daticn  of  ;>cn:.ox*s 
at  those  3c  -10113  are  ausccptiWo  to  da-.e^i.  during  this  freeing 
operation  and,  therefore,  crux-ful  attention  i..»;;t  bo  given  to  nensor 

m 

installation  location  and  cafjo  structure,  It  is  apparent,  tco,  that 
tho  sensor  design  should  not  itself  employ  a  ire  eh'  nis;a  which  r  -<y 
freeze  under  the  sa-io  ice/wov  expo euro  and,  therefore,  sealed 
electron  agnatic  typo  switches  arid  latches  uvo  rcec./noodcd,  ¥he  duitp 
detection  causers,  os  voll  as  the  other  dvrrip  u.oniiovlr.g  equipments, 
will  bo  exposed  to  severe  salt  water  and  iluiup  waste  oiivivoMicnts 
which  necessitate:!  careful  selection  of  equip- onin  and  cc.-npenc:it.3 
capable  o*  siu-vlviwg  u»;dur  these  aervieu  conditions. 


2.3  Mission  KStUI^KSHTS 

2.3.1  09<!-<?rjl  ntlon  of  Missions 

2. 3*1*1  Ouisp  Sites 

Present  ocean  draping  operations  in  the  Hew  York  Eight 
are  regulated  by  the  H.T.  District  Corps  of  Raginco ro  which  issue 
poraits  for  dumping  at  epeoifie  oconn  locations,  dop-joding  upon  tho 
■aterial  to  b»  dunped.  Vi thin  the  H.X.  Bight,  five  de-ping  eites 
are  utilised: 

•  Acid  V^ete  Dumping  Gicund  • 

•  Sever  Sludge  Burping  Groin^t 

•  Cellar  Birt  Doj*p  Ground 

•  Mud  and  One  Jfm  Stwns  Pw?  p*np-  Gvorad 

•  Wreck  Bussping  Ground 
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Itt  itiu  LtiO.l  to  the  uL<^ V c |  a  tlllll*; , lOUS  (tutvAl^l  T<  J  Li OUOvl 

if?  provid'd  for  tho  dumping  of  cnuntic  vp.Rt.ns  and  other  chemicals 
con rJ 'loved  hnsnTdou#  if  dwpad  near  rhore.  Tho  location  of  theso 
dvrp  ground;}  r:-)\Uvo  to  Ambrose  Light  is  given  in  Table  2-2. 


TAULK  2  ■?.  WC-mOX  OK  DUKP  SITES 


TltUK  liKAPlL’G  FROM 

— I.ICHX—  . 

DISTANCE  FiW 

ACID  -  SUMMER 

135° 

10.7 

ACID  -  l/i'fim 

145° 

9.2 

SWISH  SIJUCGX 

.124°  30* 

4 

4.5  (io.o  km  to  pour: 
OF  MSARKSf  UldJ) 

CBLh/.R  DUCT 

170° 

4.7 

i;jd  .win  c vxi  store 

190° 

4.0 

WRECK 

368°  30« 

14.3 

HAZARDOUS  MATERIAL 

*  — 

Approx.  100*21 

2, 3.1 ,2  Tice  and  Pango  of  Missions 

Since  loading  piers  and  docks  ore  located  «t  various 
points  in  New  York,  Ncu  Jersey  and  Long  Island,  tho  range  to  pres¬ 
ent  chvp  altos  fro*  theso  loVntior.s  varies.  For  tho  purpose  of 

this  study,  m  avorega  rare0  *>f  10  run.  will  bo  asws&d  for  tho 

•  » 

near  stars  dwp  altos  and  109  n.a.  for  tho  hAsardous  vasts  duep 
ground,  Tho  ICO  n,»,  r&r.g-j  \ould  also  bo  opplicnblo  if  dtsap  altos 
are  extended  out  to  tho  odgn  of  tho  continental  vbelf. 

Total  nisoion  ilea,  including  dv»p  tine,  varica  and 
depends  on  veea^l  berth  locution,  dtmp  anterial  carried,  vessel 
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typo  arid  dr-.vsstii-l sties,  traffic,  n.d  vouWirr  c  r  I' l  For  I’m 

nearby  rlur.jp  oltes,  total  u  lesion  tiro  my  v:.vy  between  5  to  8  horns 
vhorons  the  long  range  du*v  .dsn  Ion  in  on  the  or  r  of  /,0  hours. 
Generally  the  return  trip  tine  Jo  co.aovrhat  less  th.vi  tho  ouli»v>’d 
trip,  possibly  due  to  the  cfcv.ngj  1  o.T  draft  or  ccom  currents. 
At-soa  density  of  diurp  vessels  is  important  in  to\  .ulatiug 

9 

system  approaches  end  in  rating  of  candidal*.  syst^s  since  it  my 
preclude  use  of  an  otherwise  nosec table  and  f osslbly  high  ratod 
candiinto  system,  Although  the  d;u  o  fleet  is  couprioed  of  eppraxt- 
aatoly  50  dumping  vosebla  (excluding  tugs),  it  is  likely  that  only 
15  f.ro  in  sorvico  at  a^y  ono  tine,  nr.d  snybe  30  in  any  one  cl-iy. 

2. 3-1. 3  Presently  Used  Ilotheds  of  Locatisg  Du/ip  Sites 

The  uum'p  voaiiuTu  lvu^li:);  ”•  i.  tiut’Uir  uni  iiuw  jersey  navi- 
« 

gate  along  cither  Aubroao  or  Sijsdy  Uook  channels  to  tho  near  shore 

t, 

dumping  grounds.  Tho  ^notain  generally  utilises  dead  reckoning  navi¬ 
gation  (gyrocompass,  tachorvitor  end  clock)  to  reach  the  dump  sitoa 
and  then  take  a  sovornl  radar  or  radio  direction  findor  fixc»3  to 
accurately  locate  Ulnaclf  relative  to  the  site.  On  the  long  range 
duup  rti salons,  Lovan  is  utilised  as  a  navigation  aid  to  «utd  from  tho 
durap  site,  For  this  mission  a  H.T.D.C.K,  inspector  usually  boni’ds  tho 
dump  vnseelj  it  i«  required  that  tho  H.Y.D.C.n.  bs  notified  at  least 
48  hours  in  advance  of  .the  departure  tiro  for  the  long  range  dump 
mission. 
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r  ^  a  r  .  •  1*.  i.  »  i  »  ». 

xf)!. .  y «.j!l  b  i */! yfc; li U'.tlJ  _ m/HU-i  •<  u  iOIiQ.-i 

The  primary  objectives  of  th9  Dump  Monitoring  System  aro 

twofold : 

1)  The  dotaunout  of  ocosn  dumping  in  other  than 
author! aod  du"p  locations,  and 

2)  Vha  successful  identification  of  dumping  vio¬ 
lators  with  sufficient  proof  to  institute 
legal  action. 

To  accomplish  tho  nlovo  obj actives,  tho  system  should  pro¬ 
vide,  as  a  minima,  the  following  functions: 

1.  Dotoction  of  Du;;p  Occurrence 

2.  Vessel  Locution  at  tho  Tim  of  Dump 

3.  Data  Acquisition  and  Stox’ago 

Thosa  functional  requirements  aro  not  to  be  considered  as 
a  firm  requirement  imposed  on  tho  KB  but  art*  proscribed  to  indicate 
tho  goner:!  intent  of  the  system  objective.  If,  for  example,  a 

l 

ays  tom  approach  ccutinually  lyonitored  veueol  location  and  ti»o  during 
tho  entire  mission  erd  conc’uaivoly  shoved  that  the  dump  vessel  wont 

I 

to  tho  dump  sito,  it  is  rcr.icr.ablo  to  aosumo  that  tho  vousel  did 
actually  dirip  at  tho  site  since  thoro  would  bo  r.o  cignificunt  ad¬ 
vantage  for  tho  captain  to  dump  early.  Uhilo  the  legal  effect.! ve¬ 
nous  of  this  approach  ia  questionable,  it  most  aosux'cdly  would  dotor 

* 

illegal  dumping  sines  outpeciod  violators  would  bo  given  warning  of 
licunoo  invocation  if  tho  Illegal  practice  continued.  Similarly, 
if  a  sy.it :cj  approach  utilised  diuap  detection  sensors  on  buoys  roored 

i 

I 

I 


I 
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at  the  duEip  site  and  the  dimp  detected  signal  recorded,  r.lo«3  with 
vessel  identification,  it  is  reasonable  to  as*-v.'c  that  the  cap  tain 
did  not  dw:p  preys turaly  oincoj  again,  no  significant  ndvt  r.trgo  is 

gained. 

It  shotdd  be  stated,  however,  that  if  a  oyster*  approach  com¬ 
plied  with  all  throe  of  tho  above  functional  requirements,  unequivocal 
proof  of  illegal  dumping  opoi-ntions  would  bo  obtained  which  in  all 
likelihood  would  hold  \ip  in  tho  courts. 

2.4  PBRifCJSttHCS  A^IHBM&IXS 

2.4.1  hSSP%. ipi>„4f,5!,.rr,C3f 

» 

Tho  H.y.D.d.K.  has  stipulated  location  of  the  vessel  at 
tho  occurrence  of  dv.vp!  be  known  to  the  following  accuracy* 

Present  Du;.p  Altos  (Sour  :  0.3  2  er 

ft 

Futuro  Bump  Sites  (at  100  Il.K.i  5  n.u.,  2  a* 

I 

2.4.2  Din.!)  Detection 

The  detection  of  dump,  if  uerd  in  a  system  candidate, 
shall  have  a  probability  of  dotoc'ion  of  95#  throughout  the  entire 
duwp  mission. 

2.40  .Ro.cor<}itng  Subsystem 

Tho  data  recording  subsystem  onboard  the  du>;»p  vonr.ol  or 
tug  shall  have  a  probability  of  successful  recording  of  n:nsurtd 
data  greater  then  95#.' 
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2 .  5 »  1  Five  Protection  vr\  P>ryoptlf>n 


Tho  design  of  the  dump  sao altering  system  shall  consider  the 
safety  aspects  of  tho  vessel  crow  us  veil  as  fii*o  protection  and 
prevention  aboard  tho  uin.p  vessels.  Tho  cquipnontu  considered  for 
tho  candidate  systems  uro  primarily  oluctrical  devices  and  suitable 
fusing  of  chip’s  power  signals  and  interface  wiring  will  be  provided 
for  all  equlpr/nta  to  negate  the  occui-renco  of  electrical  firoo. 

In  addition,  tho  system  design  shall  be  configured  to  provido  fail 
safe  olcctvical  circuits  vhovavor  feasible,  and  shall  not  utilize 
components  which  give  off  noxious  or  combust! hie  geses  at  elevated 
temperature:). 

2.5.2-  yioctrical  Shook 

The  du?ap  ;-»nitoring  systcoa  shall  bo  virod  to  minimise 

chock  haanrds  and  all  couij:-ents  shall  ba  electrically  grounded  aboard 

tho  vessel.  Knobs  and  switches  ou  electrical  equipments  shall  bo 

fnbrJ  anted  of  non-conducting  material  such  as  phenolic  or  plastic 

♦ 

compositions.  1 

# 

2,5.3  J&P‘>.S?n»'fcVa 

♦ 

Utilisation  of  cunp  t» envoi's  requiring  modification  of 

vessel  piping,  such  an  draft  *ron?f,*r  or  flovrster,  will  Vo  ins  tailed 

*  «  1 
inboard  of  existing  u-.  n  cocks  and  valves  to  assure  sofoty  of  tho 

vessel.  * 


SBCTlUi!  3.0 

sysmi  AMmaws 


To  effectively  aid  in  onforcumunt  of  ocean  demping  regulations, 
the  Dump  Monitoring  Cy3 tun  (IMS)  tnnat  lacomro  tho  location  where  du  ring 
occurs,  Hirlhtrroro,  tho  DMS  uust  have  a  high  legal  cffoctivity  such  as 
vould  be  provided  by  unquostionabi  J  u  jta  recorded  frota  a  tawjjerproof  system. 

In  this  planning  program,  SKIP  conducted,  for  tho  Corps  of  Engi¬ 
neers,  a  planning  program  lending  to  the  identification  of  a  preferred  DM.*J 
based  on  a  systematic  c/u  dilation  of  tho  rest  pro*; icing  candidates.  Tlio 
system  approaches  are  presented  in  this  Section  3.0  without  reference  to 
specific  oqulpro.nts.  Thu  rating  techniques  nnd  evaluation  of  candidates 
avc  presented  in  cr.br-oquor.t  cectic.n:.  Hardware  and  Instillation  Spacifi- 


OiltiOub  rti'O  ill 


the  rccoa-aondod  EIS  la  preruntsd  in  Section  12.0. 


3.1  dokp  dst>:ctio;i 

1 

Since  tho  Du&ip  Monitoring  Systeu  (DM5)  in  to  p’.-ovido  a  moans  for 

Monitoring  ocean  dumping  of  watte  material,  nn  ol anentary  approach  is  that 

| 

the  system  muct  monitor  the  occirivnco  of  a  dump.  This  c?n  ha  done  in 
severe!  ways,  ns  follows. 

(l)  Tho  captain  can  record  and  certify  data  indicating  the 

start  and  completion  of  tho  dn  p.  This  involves  a  *t»»lr,un 

»  *  • 

of  hardware  ar.  J  thus  represents  tho  rest  rwHahlo  eppreoch, 


considering  equip^nt  factors  only.  It  is  recognised, 
however,  thut  tho  approach  depends  rpor.  Ir-f-m  6Ct*\?ty  and 


that  th>  captain  Is  rubject  t«  the  no  it  A  h  m  fr  Utica. 


i 

M 


be  »on cured  and  integrated  to  avoid  wave  prob'.u.:.  Thin 
appro:; .':’i  requiros  hardwire  end  probably  nod*  fi cation  of 
the  vessel  (although  vost  vessels  do  bavo  cen  water 
intake  lines  which  could  bo  tapped  shipboni*d  of  the  sea¬ 
cock  o  thus  peroltting  installation  of  tho  draft  sensing 
system  without  drydocking  the  vernal ).  Jtvcrr;  though  coico 
vessels  do  tako  on  sea  water  ballast,  it  hoa  boon  deter¬ 
mined  that  sensing  change,  in  vessel  draft  would  yield 
a  positive  doUiaii.ation  of  the  occurrence  cf  a  dump. 

(3)  Sea  vc tor  chemical  or  physical  properties  could  hi  monitored 
for  change  upon  occurrence  of  duop.  Wbr^'o  the  west© 

Material  does  not  result  in  a  significant  van sura ble 

i 

change  Irt  sea  water  properties,  dye  or  a  safe  radioactive 
tracer  cpuld  bo  n  deled  to  the  wtsho  Material  to  be  sensed 
in  tho  eua  water  *ft«r  dumping.  Thic  approach  is  raito 
awkward  *tu  panago  and  difficult  to  r.ikc  tsnparproof  and 
accordingly  was  quickly  discarded.  However,  it  should 
be  mccgnlMd  that  tho  use  of  various  radioactive  tracer  a 
does  pernit  idsatifi cation  of  tho  dumping  vessel  and  night 
further  bo  useful  in  a  determination  of  tho  waste  natter 
dispersion  and  water  transport  Mechanics, 

(4)  the  states  of  dwip  line  valves,  durp  doors,  dump  pumps,  (Heap 
actuators,  etc,,  can  be  Monitored,  This  approach  to  Sanaa 
the  ocetirrencs  of  a  du#*p  is  valid.  During  tho  ctudy,  Many 


yliltwt. 


vcrf.vln  •.'^•••3  o.'  !*.lr>  d  n*’«*  it  u*»s  deter  i?n.*d  t’.t, 
exception,  the  requlr  !  iarttru.,3;.’ avion  existed  or  c*>u1<1 
bo  rend*  ly  added  to  sjn.e;  the  states  of  m»ch  valvci3,  door 3, 

etc. 

3.2  LOCATION 

The  locution  of  the  actual*  dirjp  least  t>>  Koarmed  by  the  K'H.  Title 
Is  imt  readily  acccnpliif  >d  by  moamu  tpj;  the  position  of  tno  du'p  vessel 
or  tug,  using  any  of  tho  following  technique:*,  as  further  &l  seas sod  in  the 
candidate  systoles  doscid bod  in  iioction  /,.0. 

(1)  E.tsic  vesis*:!  navigation  -  as  certified  by  capt^ir, 

(2)  Ibuhr  Position  Plx  ~  s.jrhoro  or  on- board 

(3)  Radio  Direction  VI  «di rg  -  ashore  or  sn-fcoird 

(4)  Hyperbolic  Radio  *lds  -  Ctacga,  terra,  |j>rsn. 

(5)  Spool al i -iod*  iSypcrbolic  -  Using  multiple  C-JS  shore  stations. 

(6)  Specialised  Proximity  -  Radio,  sannr  and  transponders. 

I 

Thu  difficulty  of  ta&iti relating  any  recorded  data  varies  with  tho 
candidate  technique,  cut  in  «'l  cooes  tha  candidate  la  considered  relatively 
tnsperproof  wherever  a  eocti nuous  tinxd  record  would  bo  kept  showing  vessel 
position  enroute  to  *r,d  fren  the  dmp  area.  It  would  bo  extras*,  ly  diffi¬ 
cult  to  fabricate  tueh  a  tl**sd  record  if  eutoaoticnily  printed  on  K4S 
e*p»lj*^nt  ouiwd  by  tho  Corps  of  Eoginsero,  end  the  $yst@u  evaluation  pro¬ 
cedures  istgt  he  ra^njivc  to  Candidas  offsrt*i,t  rich  features. 
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KOmX'KKG  Awl)  REFORTIiiG 


The  monitoring  of  ocean  dumping  operations  using  the  DMS  can 
involve  real-time  or  after-the-fact  reporting  of  data,  or  a  combination 
of  both.  Real-time  recording  of  data  is  generally  expected  for  most 
candidates.  However,  the  characteristics  of  the  candidate  DMS  will 
determine  whether  reporting  to  the  Army  Corps  of  Engineers  will  be  accora- 
plashed  in  real-time  (eg.  just  prior  to  dump)  or  post-occurrence  (eg. 
within  12  hours  after  return  to  port).  Real-time  reporting  is  most 
easily  accomplished  by  a  DMS  where  the  basic  position  measuring  equipment 
is  ashore:  if  it  is  aboard  the  dumping  vessel  or  tugs,  real-time  reporting 

l 

usually  involves  telemetering *of  data  ashore  (thus  adding  costly  equipment). 
Although  real-time  reporting  allows  control  of  permission  to  dump,  it  is 
suggested  that  the  Corps  of  Engineers  must  then  take  care  that  their  actions 
do  no t  coiiii'Oj.tiUte  a  cerxii xcu xion  oi  vessex  xoca«xoii,  xnus  granoing  "appro¬ 


val  "  of  the  dump.  ; 

Post-occurrence  reporting  can  be  accomplished  by  delivery  of 
recorded  data  by  courier  or  by.'U,  S.  mails  within,  say,  12  hours  after 
return  to  port.  It  is  recognised  that  this  approach  does  not  afford  a 

I 

roal-timo  action  to  prevent  an  illegal  dump,  but  then,  the  Corps  of  Engi¬ 
neers  is  not  legally  charged  with  the  responsibility  to  prevent  illegal 
dumps  and  is  not  organizationally  structured  nor  budgeted  to  do  so.  Post- 

i 

occurrence  delivery  of  data  dees  not  detract  from  the  legal  effectively 

i 

of  the  data  and  is  not  incompatible  with  providing  the  Corps  of  Engineers 
with  the  necessary  control  over  tho  issuance  of  permits  for  ocean  dumping 
of  waste  material.  Accordingly,  post-occurrence  delivery  of  data  is  a 


perfectly  acceptable  system  approach.  Because  it  can  provide  a  high  legal 

t 

cffectivily,  it  decs  not  detract  from  a  system’s  strong  deterrent  effect 
in  preventing  improper  dumps. 
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The  operations  associated  with  a  review  of  the  data  after  delivery 
must  bs  considered.  It  would  be  desirable  to  have  r.  recorded  format 
compatible  with  machine  readers.  However,  magnetic  tape  can  bo  too  easily 
erased  and  other  approaches  such  as  punched  paper  tape  require  costly 
machine*  readers.  Furthermore,  it  would  be  desirable  to  have  the  data 
recorded  in  alpha  numeric  form  in  English  language  (with  perhaps  some  sin- 

0 

pie  coding  if  necessary)  so  that  it  is  manually  readable  without  difficulty. 
This  is  desirable  so  that  there  would  be  more  legal  meaning  to  the  captain's 
signature  (the  data  must  be  signed  by  the  captain)  certifying  that  the 
data  delivered  is  valid  .  The  Corps  of  Engineers  personnel  required  to 
review  and  file  the  data  can  bo  kept  to  a  minimum  by  using  a  format  which 
would  allow  a  quick  overall  review  of  each  report,  necessitating  detailed 
examination  of  only  those  reports  identified  as  suspect. 

4  4>A«rn  O’.rrr.'l'  q  ■f  ^  *.■ r.*1  ^ !■  ..  !•  ...*..1 

iiiV  —  Vi  VA  CLii'ml  w  t  w««Ub>  w v  mv  «  V..V4MVU  cti  v  ^.M|/V4  *»uuu  u<tM 

should  include  the  following. 

(1)  Identification  of  vessel;  load;  place  of  departure; 
location  of  dump;  owner;  captain;  and,  valid  permit. 

(2)  Date  and  time  of  leaving  dock  or  loading  site. 

(3)  Time  of  passing  preselected  inlet  or  harbor  buoy  and 
other  well-marked  buoys  or  navigation  points. 

(4)  Vessel  location  (preferably  continuous  or  frequent  periodic). 

(5)  Dump  sensing,  as  applicable. 

(6)  Time  of  start  and  completion  of  dump,  entered  by  captain. 

(7)  Time  of  passing  same  inlet  or  harbor  buoy  on  return  trip. 

(8)  Date  and  time  of  return  to  dock  or  loading  site. 

(9)  Status  of  DMS  nialfuction  sensors^  as  applicable, 

(10)  Signature  of  captain  certifying  validity  of  data. 


3-5 


bo  as  automatic  as  possible  and  require  only  very  simple  adjustment  or 
opera M  ng  procedure  so  that  mal performance  cannot  ba  purposely  made  to 
occur  without  making  the  captain  suspect. 

In  addition,  operational  practices  would  bo  defined  to  reduce 
costs  for  facilities,  material}  and  personnel  and  would  maximize  the 
delivery  of  the  data  as  described  in  Parsgrah  3.3  above.  The  operating 
procedures  would  place  as  little  as  possible  additional  burden  on  captain 
and  crew  and  to  encourage  proper  use,  the  DM3  and  operating  procedures 
would  desirably  provide  worthwhile  information  to  the  captain  and  vould 
represent  action  he  should  be. taking  oven  if  there  were  no  IL-'S  aboard 
(such  as  recording  or  logging ‘of  specific  events,  etc.). 

There  should  be  no  operational  restrictions  invoked  by  the  DMS, 
it  should  to  an  all-weather  system  capable  of  around-the-clock  operation, 
it.  shall  rover  a  vide  swa  ivom  t.hr.  present  dwmo  sites  (fust  cast  Ambrose- 

I 

light  tower)  to  the  edge  of  the  continental  shelf  (or  at  least  110  miles 

i 

into  the  Atlantic  from  Ambrose).  It  shall  be  useable  for  monitoring  all 
ocean  dumping,  both  self-propeilcd  and  towed.  If  possible,  the  DMS  should 

offer  a  portable  feature  for  occasional  use  on  a  vessel  requiring  minimal 

\ 

vessel  preparation.  If  practical,  it  shall  not  require  exchange  of  signals 

i 

between  a  towed  vessel  and  tug. ' 

The  equipment  shall  remain  the  property  of  the  Corps  of  Engineers, 

< 

Only  very  unsophisticated  'servicing  (like  replacement  of  fuses)  shall  be 
permitted  by  the  captain.  Insofar  as  is  practical,  positive  alarms  shall 
be  provided  to  indicate  malfunction  of  equipment.  Captains  shall  report 

i- 

malfuctions  promptly  and  upon  the  return  of  the  vessel  to  port,  the  Corps  of 
Engineers  shall  promptly  effect'  a  repair  of  reported  malfunctions  so  as  to 


minimize  delay  to  versil.n.  The  l>? TS  equipment ,  insofar  nr.  pricticr.l,  shall 
employ  a  plug-in  conoop t  to  facilitate  quick  ropl.ncor.icn  l .  The  dockside 
repairs  will  normally  be  limited  to  replacement  of  plug-in  units.  Retailed 
repair  of  the  faulty  units  shall  bo  accomplished  in  a  Corps  of  Engineers 
repair  shop  or  at  the  manufacturer 1 s  facilities. 

There  is  no  practical.  RMS  which  will  provide  monitoring  of  a 

« 

secretly  made  ocean  dump.  Accordingly,  it  is  necessary  to  assure  that  every 
captain  report  each  sea  dump.  The  present  procedure,  requiring  the  cap¬ 
tain  to  report  his  activity  to  the  harbormaster  should  he  continued  with  a 
periodic  check  made  of  his  log  versus  reported  data.  It  is  also  expected 

I 

that  the  present  practise  of  using  patrol  craft  will  also  bo  continued  so 
that  captains  will  know  that  they  might  be  spotted  leaving  the  harbor. 

Very  stiff  action  and  high  fives  should  be  imposed  for  unroported  dumping. 

lv  uiiuui.u  ue  o uiO 3 .‘jCvi  unai*  "uiie  i.v:o  operations  and  main¬ 
tenance,  like  the  Di-13  equipment,  should  bo  kept  as  simple  as  practical. 
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4.1  RATIOUALF,  IM  CANDIDATE  SYSTEM  SELECTION 

Critical  evaluation  of  tbo  alternative  approaches  for  the  selec¬ 
tion  of  proraisin"  system  candidates  involves  an  objective  assessment  of 
design  character! sties ;  performance  capabilities  with  respect  to  significant 
design  features;  and  system  requi reman to  specified  for  the  DMS,  Desirable 

4 

design  features  considered  in  thi3  selection  are  shoim  in  Table  4~1* 

ftABLK  4-1  UST  OF  B3S£»A3SS  lKSTOS  SMTPpJSS 
Feature  No.  Fen  turn 


1 

2 

3 

4 

5 

6 
7 
B 
9 

10 

11 

12 


Positive  detection  of  violations 

'i 

rflmplc  operating  procedures 
Minirut  1  equipment 

t 

Reliable,  proven  equipment 
All-weather  operation 

Common  equipment  for  different  vessels 

I' 


Compatible  with  present  and  future  dump  requirements 
Simple  maintenance 
Easily  made  operational 
Tamperproof 
High  legal  effectivity 
High  cost  effectivity 
In  Table  4-2  is  shown  a  listing  of  the  various  system  approaches  reviewed 

in  the  selection  of  those  system  candidates  for  further  examination.  Table 

1 

4-3  presents  a  matrix  showing  the  approximate  ratings  (excellent,  good, 
fair,  poor,  or  no  capability)  for  the  various  approaches.  It  will  bo 
readily  observed  that  the  first  five  candidates  offer  the  most  premise  an 
DM3  candidates. 
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ta.ft/s  'i::aom  •■■r:?-:.:  •*’.  I'n/Xdvp 


!hv.,i.c'\  ilo. 


Tn: vA^-.V: > • .v.v.fo;.:.  .: ! ug/Da '•;>  r .  Avji :  .id 1.P.-5 k. 

Hyperbolic  Radio  iinv  t^rd  •-•m/rnr-boavd  dump  rorring/ 
on-boa  rd  re  cording. 

Asjhovo  rudar/cav  boat’-.!  ben con  activated  by  du.*p  {sensors/ 
ashore  recordi  rg.. 

Ashore  Radio  Direction  Find.?  ng  against  an  on-  board 

iron  fitter  activated  by  dump  rc 'isors/ar-horo  data  recording 

Saws  as  (3A)  but  i.vvth  captain  con.fi rming  the  dump  occur¬ 
rence  by  signal  'ling  on  on-board  transmitter. 

Scene  as  (i)  but  v;ith  data -tolumotorod  ashore  for  recording. 

Dead -reckoning  using  existing  on-board  navigating  equip¬ 
ment/ on-board  dvr-ip  censing/on  -board  recording. 

Same  as  ($)  but  using  inertial  navigator. 

Su\’!o  as  (5)  but  using  Doppler  Sonar  Navigator 

Same  as  (2)  but  with  the  radar  end  recording  aboard  a  lro3 icc.pt 
pins  visual  son J. taring  of  dump. 

Satellite  naviga tion/on.-board  dump  sai sing/ on-board 
recording. 

Airborne  multi spectral  photography  and  visual  monitoring  of 
the  vessel  and. the  dump. 

I 

Minimal  system;  review  of  on-board  logbooks  for  vessel 
time  of  depart vo ,  arrival  and  dump . 

IFF  transponder  or  radar  beacon  on  buoy  at  dump  site 
interrogated  by  dump  v  a s sol/ on-boa rd  dump  sensing/ 
on- board  re  cord i ng . 

On-board  RDF  wring  existing  ashore  transni ttars/on-bon rd 
dump  sonoing/o!.  -board  recording. 

On-  board  rang; •-range  systems  against  special  off-board 
transponders/,.:-  board  dump  consing/on-board  recording. 

Same  us  (.12)  but  using  SOMAK  trancp  u.d  :rs  implanted  at 
dump  si  tes  into  t vega  tod  by  vessel  sonar  range-measuring 
system. 


i 


In  system  approaches  .1.  and  several  hypcrbbl tc  radio  navigation 
systems  are  presently  available  differin''  in  measurement  technique,  accuracy, 
and  depending  on  system  manufacturer,  automatic! ty  and  cost.  Among  the  more 
promising  systems  are  Omega,  Differential  Omega,  Loran  C,  lor an  A  and  Docca. 

Each  of  these  systems  are  potential  candidates  and  therefore,  each  will 
require  individual  evaluation. 

Omega,  described  in  greater  detail  in  Appendix  C-l,  utilizes  phase 
difference  comparison  of  10.2  KliZ  signals  (single  frequency  system)  from  • 

shore  based  receiver  stations  resulting  in  isophase  linen  (or  lanes)  formed 
every  Z  nm.  lane  ambiguity  is  generally  accomplished  through  dead  reckoning 
and  automatic  lane  counting.  I’or  the  dump  monitoring  system,  continuous  or 
periodic  recording  of  data,  including  time,  will  provide  a  means  of  discerning 
lanes.  V;ith  two  and  three  frequency  receivers  (10.2,  13-6  KHZ  and  10.2,  11.33 
and  13.6  KZ),  lane  ambiguity  is  increased  to  24  and  72  nm,  respectively. 

i 

Accuracy  of  Omega  depends  upon  propagation  variations  influenced  by  ionospheric 
activity  and  will  depend  on  specific  path,  time  of  day  and  time  of  year. 

Corrections  of  the  propagation  variations  based  on  a  prediction  model  is 
available  in  tabular  form,  diurnally  in  one  hour  increments,  as  a  function  of 
geographic  location  (known  as  ’Skyward  correction  t  'bias)  and  results  in  a 
hyperbolic  line-of -position  (LOP)  accuracy  of  approximately  1-2  n.m. ,  1CT  depending 
on  geometry  and  tima-of-day.  Present  day  costs  of  Oinoga  receivers  range  between 
$6,000  and  $9,500  which,  along  with  its  reasonable  performance  over  long  ranges 
makes  it  a  potential  candidate,. 

.  Tests  performed  by  SS.hb  or  three  Omega  receivers  aboard  the  NYDCE  vessel 

"Hocking”  has  demonstrated  the  feasibility  of  using  an  Omega  navigational 

» 

system  for  the  Dump  Monitoring  System. 

Differential  Omega  is  a  system  concept  used  to  predict  spatial 
propagation  error  variations  based  on  an  Onega  receivor  located  at  a  known 
geographic  site  (monitor  system).  It  is  assumed  that  tho  vossel  receiver  is 
experiencing  tho  same  variational  errors  as  the  monitor  thereby  removing  tho 
time  dependent  errors.  Accuracy  of  fix  using  a  Differential  Omega  system  is 
improved  by  a  factor  of  approximately  4*1  over  conventional  Omsga.  Requiring 
only  or.o  additional  remote  Omega  receiver  (two  for  reliability  enhancement)  tho 

Differential  Omega  system  provides  excellent  positional  accuracy  for  a 

{  • 

negligible  increase  in  system  cost,  (f'oto:  The  monitor  Ox -go  receiver  will 
servo  the.  entire  fleet  of  dui.ip  vessels.)  For  this  reason  Diffgrentinl  Omega 

i 

will  be  selected  ov.jr  conventional  Omega  ns  a  system  candidate. 


Loran  C  has  been  uukI  aboard  Naval  vossdls  as  a  Ion"  range 

navigation  system  for  soma  time  and  therefore  Merits  consideration  as  a 

system  candidate .  This  hyperbolic  radio  navigation  system  is  based  upon  the 

time  of  aiv.ival  of  pulses  from  two  pairs  of  Loran  stations  (one  master  and 

one  slave  pair)  to  determine  vessel  location  with  an  on-board  receiver. 

Unlike  the  Omega  system,  Loraq  C  does  not  have  ambiguity  problems  in 

determining  fix  location  (except  for  one  point  which  is  n  mirror  image 

but  is  sufficiently  extended  in  range  to  dismiss  its  possibility)  but  it 

doe3  require  search  and  lock  initialization  procedures  performed  either  manually 

# 

or  automatically  with  more  expensive  receiver  equipments.  Since  loran  C 
utilizes  pulse  techniques  (operating  frequencies  *>f  100  KHZ),  sky wave  conta nl nation 
can  be  avoided  although  care  must  be  taken  to  assure  look-on  at  ground  wave 


signal.  Errors  resulting  from  signal  propagation  over  different  paths 
between  stations  and  the  on-board  receiver  (called  secondary  phene  corrections) 

I 

however,  are  significant  and  must  be  considered  for  high  accuracy  performance . 

With  secondary  phjise  correction  end  proper  synchronization  of  master 
and  slave  ground  wave  signals,  accuracy  of  lor an  C  is  better  than  0.05  nm  for 
reasonable  crossing  angled.  One  difficulty  of  Loran  C  for  the  vessel  locating 


rtMltnifnloM  #»+  — 

uwvOj  *-/  "w><>  w  vw 


n<»  -v* 

ntu  « 


;cvcrc  operational  environment  imposed  on  the  Horan 


C  receiver  in  the  Now  York/Manhnttan  Island  area.  Alorg  tho  East,  Hudson  and 


Rahway  river  areas,  the  signals  will  bo  contaminated  by  atmospheric  noise, 
and  signal  interference  fjroin  steel  structures  and  bridges  will  cause  the 
receive**  to  loso  lock  while  in  tho  automatic  tracking  mode.  This  is  further 
aggravated  sinco  the  loran  station  slaves  are  located  500  to  800  nm  from  the 
master  and  signal  strengths  vary  significantly  over  different  propagation 


paths.  The  Dana  Air  Forco  Fuse  slave  station,  for  example,  must  travel  over 
lnnd  whereas  tho  Cnoo  Fear  and  Nantucket  stations'  propagation  paths  aro 
primarily  ovor  water.  Initialization  and  acquiring  "lock-on"  of  tho  Loran  C 
receiver  may  bo  difficult  for  thoco  reasons  and  the  operator  could  orroneousJy 
lock-on  to  tho  akywavo  signal  rather  than  the  ground  wavo;  the  one-hop  E-akywava 
signal  rruiy  bs  strongor  than  the  ground  wave  signal  which,  in  the  preecr.co  of 
noieo,  may  bo  error.covrly  acquired.  With  proper  training  and  experience, 
however,  it  ia  anticipated  proper  acquisition  could  be  mode.  It  should  to  noted 
that  it  in  not  nocenncry  that  the  receiver  always  track  in  tho  New  York  and 
Now  Jorniy  x Ivor  areas  providing  ^acquisition  of  station  oignols  in  better 
signal  ar; m)  is  vpor-ttionally  cirplo.  It  is  doairnhlo  however,  that  a  chock  on 
proper  functioning  of  the,  loran  receiver  bo  made  at  the  loading  pier  end  that 
pi  or  to  l<v»vir»t;  for  tho  site,  the  captain  can  notify  tho  IfitDCK  or  H.*rhor 
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uupm-vinor.  conduct-.  «i  by  fib'-h)  <»*»•*?  the  stlr/ly  !.’i  I..m  Ice  T.^can 

tracking;  ratal vurs  have  shuWn  that  •.•;*»;  !'!•..;  cr'-ire  n;’r:v  front  n •••;an  of* 
Manhattan,  at  short  <1J Ktr.no;?  away  fro*;*  stool  s?t r-wc! urcs,  acquLf!  Lion  of 
both  Loran  C  and  Lonut  A  signals  irs  not  difficult  (PolV.ro  App ...ndL:  B), 

Tima,  it  .is  anticipated  imJ fnneti -vii ng  receive-.-*  could  be  readily  cL-U.ct.-d 
while  tho  vessel  was  still  tied  dock  aide.  One  prj’-r.r/  rtrL/.-nl-.i;-;  of  Loran  C 

(or  Loran  A)  over  an  Ouora  voo  ol  1-  o'-.t j ng  cid  .yaU  ,1  is  l/m  inl.oicnt  caps- 

0 

bility  of  providing  thy  vessel  captain  with  a  direct  readout  of  positional 
in  formation  which  could  bo  uroful  for  navigation  end  i.-pe  Anting  location 
of  tho  d«i(*p  night.  Uhilo  this  r.dvanl-ago  is  not  significant  for  prc-s  .nt 
dumping  operations  whore  dump  site  location.;  permit  util* /alien  of  cn  Irani 

i 

radar  end  radio  direction  fArdu-  equipments,  it.  is  a  strong  considers t Ion  if 
tho  dump  sites  are  extended  to,  ray,  about  100  n.it,  v’.uvo  r.-ubw-s  l-cw.> 
ineffective  mil  on-board  POi*’  ..*<-:«>  Ipvonts  have  1.1’  -J  tod  cap-ibi]  i  ty.  On  t>-o 
basis  of  tho  above  arguments,  _ Loran  Hus  sufficient  advantages  and  capabU  ».-• 


tio3  to  warrant  consideration  as  a  vessel  locating  subnyoto’.i. 

Loran  A,  a  World  War  II  development  nr.i  predecessor  of  Loran  C, 
utilizes  a  2  Mila  operational  frequency  which  lies  just  above  tho  AM  broad¬ 
cast  band.  Its  operating  principles  are  ossontinlly  the  sseo  as  Loran  C 

i 

utilizing  pulso  techniques  to  ei  a  corn  between  sky  wave  and  ground  wave 

signals,  b\»t  it  is  more  susceptible  to  interfci-onen  IVen  broadcast 

stations.  Guo  to  tb-  v«^-**r&tiv»oly  bailor  distances  of  slaves  and  raster 

stations  to  the  dump  sit  js,  at  d  since  the  nlsve  signals  will  always  appear 

» 

to  tho  right  of  tho  Barter,  however,  rr  .rch  cn*l  lock-on  proc/duma  arc 
easier  than  Loran  C.  Loran  A  has  been  used  on  ocean  vessels  for  c toy  years 

.! 

I 

t 

1 


I 
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Tho  Mecca  i:y:<tc. i,  ’ihor  dl .701.1  in  Append;..-:  I»  yldli/;.;  ' >j'.: 
frequency  (VO  to  130  SuM)  co  il.* .  f*\..;;  "vi/ey  j#r.~V;  fi  a 

winter  and  three  chive  ctnlioiis;  e-.cii  nlpa-l  t  r  1-3  n  fixed  reTetioneli'p 
to  tho  freci of  Vue  other  thr  ct aliens.  Phnrc  con/'-virci  with  «;» 
onboard  receiver  poi.vll3  r.  hyperbolic  W  fix.  Thn  hy^vvi.  .'•lie  3  !ros  of 
equal  phm-c  di  f  i\*;\ti»ee;i  *vo  sepMMted  nr  i  n  I  ho  cr.  i  of  into  l-**oo3. 

here  aohi  ;;ul.fy  in  jv/o1yo.I  ty  e:  the  fnrd',  '-I  fr*qi.e<;r*y  fo’*  each 

of  tho  thr-.y  phono  ccK2p--i\t:-».*n  fee  !u  l f  a  rcceivl  ever  a  cue  rihiute 

period .  Since  tho  ihoen  oyjte:.i  al'Micc.:  lot*  fvemieneics  *t*‘ *  continuum 
Viivo  t*.'ai»r.r*l colon,  rhyvr/o  corvhrj«.l-rthto«  lr»  jne .?« nt  uric’s  c- ■••not  t  ?  ropav**.ted 
fro’ji  the  ground  wave*.  Jt-.cau  no/- M;-y  Jr;  11.  5 ted  to  In  •.:!•' t*h  the 

•k/vavu  strength  d>oe  m?  c”o'.-».d  tv  of  Ur?  jroot  i  vuve  vMc*.  it.  typically 
200  ni4.  Accuracy  of  Dacca.  1  r  dap  uvh-ut  or:  r. fro;*,  i  as  veil  an 

dJuPftil  owl  Hcnoon *1  tir.iC.  ,  The  95.*  p*oKb’i  fix  accuracy  i:i  refried  to  very 
between  300  ft  under  opti.e.)  cor.i*  M on*,  to  ov.r  rr/c.-rnl  irtutSe  »1  rd.  l'„.i  with  pv?r 
cnvlrci  .vct:i a  l  eeudl t.t<  :  af  rj.*.r  r :l*‘j  r>*  the  l/JW  a  .d  vxt'.n  VI 

Tho  Cocoa  ays  ten,  is  ousted  An*  control) v-I  by  An  Hellish  ce: .y.?;y,  nnl  lire 
receiver  in  only  ionx.-.i  n.‘>t  scrvicca  c*y  Decett  .  Veeu  !  u*  np.»’  >  •! 

for  a  licence  fron  tho  VJC  to  shut  fuvn  the  p«vsv:*t  U.t.  chain  for  tn 
anticipated  relocation  or  treated  LU114  stntlonx  to  wrv  fnvornMo  nit*,*  for 
Karina  nnv lotion.  Consideration  of  thto  pa.snlblUly  with  a  pj>ssib)«  extended 
ehutdo-n  par  led  and  tho  rcaUastlon  of  being  dependent  upon  a  foreign 
company  leasing  agreeftants  with  lwUUsllon,  ©or /Icing  saj  ralnto inability 

perform'd  by  thoir  employees  hat  discouraged  further  consideration  of  the  Meoca 
s  sties*  as  a  cnrvMdule. 

Sy*tp;a  approach  2  utili^a  a  shorn  based  jvdar  in  conjunction  with  a 
weasel  radar  beacon  to  datotvifej  r*  srs.1  ) sect  ion.  tdentM-y,  and  ditsp 
VHi«  cyeto**  1  s  *iKiUr  to  the  f/T  (idfesdiflentiort,  *  (lr  Foe)  eoceniftry 
radar  ayst^a  r.-t-.d  in  **n*)»i  War  CM>  identify  fvienUy  s*;-4raft  «r  aMpa.  Tho 
veosol  radar  honco»  is  enatnU^liy  a  which,  Ufwn 

o  radftr  pwlao,  rap) lea  with  a  rp.fct ally  t.-M  ;»  of  p  -dsra  to  pnavida 
tdonil  It  cation  of  tho  ■nd  its  durtn  ie^ailon  is 

doiontiewd  IVw:»  rfe«,e  t-si.ivr {tins  that  f  *  ‘i’<  i  V-'  tv-  -  n  tr  ana,- 1  ten 

of  tho  sliarc  has;  !  r:-t;  r~-i  Uvs  r=‘:4p*.ir?  >f  j  t  ?-,een  npfJjy 

fwl*v*}  ?r,d  t  -  to  *  1:  „  v  k  ,1  t  1  ?n  t  •’>  f.ai .  >■  v!;  *  j  i’,?'  ivity. 

Tha  rvjt!/  «.«  bj  «t  a  f"  ■  r<  *s<fy  #>•*  *K>*.  *-■■>  i  *  .r  4?  "u*  *y  ?*.»  **4  <w*,t 

fceftenn  r&ptl'-S  red  is  ;>-■£.  fh5*.!  .  •  -5  !./  p.t*.=  s* 


Since  high  frequency  transmissiono  are  utilised  with  radar  syate M3,  this 
system  is  line- of-  sight  limited  in  ranges  and  therefore  cannot  be  used  for 
the  longer  range  dump  missions.  If  it  is  assumed  that  the  shore  based 
radar  is  located  on  the  World  Trade  Center  Building  with  an  effective 
antenna  mast  height  of  1,225  feet,  the  maximum  range  would  be  less  than 

50  n.rn.  for  the  moot  favorable  weather  conditions.  For  present  dumping 

« 

operations  where  the  range  is  on  the  order  of  10  n.ra.  from  Ambrose,  this 
system  approach  is  feasible  although  its  operational  characteristics  is 
highly  dependent  upon  weather  environments.  Location  accuracy  of  this 
system  is  primarily  a  function  of  the  antenna  beam  width  which,  for  better 

I 

radar  systems,  can  provide  a  bearing  accuracy  better  than  1  degree; 
range  accuracy  is  generally  batter  than  1,000  feet.  At  the  present  time, 
none  of  the  shore-based  radar .systems  within  the  New  York  Bight  area  are 

.  V  ">  -  i»-„  .1.1..  ..  r  ....a  .  ,...i  x  v  .  0  ■!  V.  *  ..Wi  !  . ....... .-.v 
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will  require  development  and  acquisition  of  a  new  radar  installation.  This 
of  necessity,  will  result  in  high  initial  equipment  expenditures  with  an 

I 

estimated  cost  of  §500,000  exclusive  of  land,  buildings,  and  installation 

’  r 

and  a  long  time  schedule  estimated  at  three  to  five  years  before  the 

t 

system  becomes  operational#  Considering  also  that  each  dump  vessel  'would 

l 

require  an  on-board  radar  beacon  and  dump  detection  equipment  with  cor¬ 
responding  acquisition,  installation  operating  and  maintenance  costs,  this 

i  •  ' 

I 

system  approach  is  exj  ive  and  pro /ides  no  growth  capability  for  dump 

1 

monitoring  if  present  dump  sites  are  extended  to  the  continental  shelf. 

i 

However,  this  system  approach  can  provide  a  navigation  aid  to  the 
captain.  For  theso  reasons,  system  approach  2  will  not  bo  selected  as  a 
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I 


pr.ii.i?  candidate  hat  is  carried  in  thr  rating  c-f  candidate  systems 

for  ccii-par.  stive  pa;.- pf.sor  only  for  pro rout  dumping  operations  at  short  rstiigo 
dump  sit:?.*-. 

System  enpro-xch  3  is  a  two--be:;.ri3:g  location  determination  system 
utilizing  tuo  shox-e- based  radio  direction  finding  stations  and  an  on-board 
transmitter  for  transmission  of  vessel  identity  and  dump  status.  A  radio 
or  telephone  link  from  th-  RDF  stations  is  provided  to  rot1v3ns7a.lt  acquired 
data  to  a  N.Y.D.C.E,  processing  center  for  ce-.putGt.ion  of  vessel  location, 
data  assimilation  and  recording.  The  signals  transm.it ted  from  the  dump 
vessel  transceiver  would  be  selected  in  the  Karine  radio  -telephone  band 

of  2  to  3  MHz  to  assure  adequate  range  capability.  In  this  frequency  band, 

< 

skywave  contajsination  and  A-  M  broadcast  station  signal  interfcux*noo  could 
reduce  operational  reliability  of  the  system  and  measurement  accuracy. 

1.  ,  ^  .  .....  .»  n^..  .  TTAT.i  «  »  1  <1  .  —  ,  ,  .  -  , 

*4ajr  o.i.:uC  0-wu  .»  JJ£  jl  ji  till  iuav  %>j  ii  U?iUfc!X’  J.  .  II  CHil  UI*."< *  OUO 

could  increase  to  *2°  at  night-time  with  sky  wave  contamination.  With  this 

system  approach,  the  RDF  stations  would  be  .installed  in  Coast  Guard 

stations  selected  on  the  basis  of  geometrical  accuracy  considerations j 

typically  one  might  bo  installed  at  Jones  Beach  Coast  Guard  Station  on 

Long  Island  and  the  other  at  Atlantic  City  Coast  Guard  station  in  New  Jersey 

i 

for  short  range  dump  sites.  RDF  equipment  costs  for  two  stations  exclu¬ 
sive  of  land,  buildings,  and  installation  is  approximately  $100,000. 

i 

This  system  approach  provides  continuous  real-time  .monitoring  of  dump 

vessels  and  has  navigation  aid  capability  with  reasonable  location  accuracy. 

Although  requiring  FCC  or  IRAG  approval  fev  operation,  this  system  has 

sufficient  merits  to  warrwnt  further  evaluation  as  a  candidate  system. 

i 
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System.  approach  4,  similar  to  system  approach  1 ,  util  i  nan  a 
hyperbolic  navigation  system  for  vessel  location  but  differs  in  that  an 
on-board  printer  is  not  employed. 

One  variation  of  approach  1  would  delete  the  dump  detection 
(draft  sensors  ar-d  monitoring ‘of  dump  actuators,  valves,  etc.).  Continuous 
recording  of  thy  vessel  location  and  time  at  specified  intervals  (every  6 
minutes)  permits  a  time  history  of  vessel  location  for  the  dump  mission. 

4 

In  this  case,  the  events  unit  (contained  cn  either  the  self-propelled  dump 
vessel  or  the  towing  vessel)  is  activated  by  the  captain  when  dump  is 
initiated  and  when  dump  is  completed.  These  events  are  recorded  on  a 
digital  printer  along  with  vessel  location  and  time;  the  print  interval 

during  this  time  as  well  }is  other  special  events  is  changed  to  a  15  second 

I 

cycle  for  a  two-minute  period  so  that  the  printout  of  the  activated  events 

» 

arc  clearly  evident  on  the  recording.  After  the  completion  of  dump,  the 
print  cycle  would  return  to  its  nominal  6  minute  print  cycle.  With  this 
system,  the  captain  would,  be  required  to  review  the  recording  of  the  dump 
mission  and  validate  concurrence  of  recorded  data  with  his  signature.  Thus, 
even  though  the  occurrence  of  dump  is  not  specifically  detected  and  recorded, 
this  system  will  monitor  dump  vessel  position  and  time  enroute  to  and 
from  the  dump  sites  thereby  providing  implicit  evidence  that  the  vessel 
actually  dumped  at  the  site  (premature  dumping  is  significantly  deterred 
since  there  would  not  be  any  significant  advantage  in  early  dumping  if  the 
vessel  had  to  go  to  the  dump  site  anyway).  Further,  with  recorded  posi¬ 
tion  and  time,  the  dump  vessel  velocity  is  readily  calculated  which  might 

i 

provide  a  reasonable  check  of  suspected  premature  dumping  violators  for 
casos  where  vessel  speed  varies  with  draft  or  load.  The  major  advantage 
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of  this  system  approach  is  its  appl i o ability  to  both  tovod  ;  jti**? 

self-propelled  dtur.p  vessels  without  need  of  customized  i 'w.lallat*  oaa  fov 
various  typos  of  barges  and  vosscds.  Tims,  inntallatJ  on  costs  arc  wlir*  i«al 
compared  with  other  approaches.  This  system  approach  has  much  in  its  favor 
and  will  therefore  be  selected  os  a  candidate  for  rating,  although  it  must 
be  remembered  that  it  does  not  provide  a  positive  iroasurovont  of  draft 

which  might  be  especially  desirable  for  tnations  such  as  for  fluid 

« 

wastes  which  night  bo "trickled  cut"  on  the  way  to  the  dump  site. 

The  dead  reckoning  techniques  considered  in  system,  approaches  5 
through  7  utilises  on-board  navigation  censors  to  provide  vessel  location 
information.  System,  approach  «5  is  a  rainin.ua  coot  dead  reckoning  approach 
using  the  vessels  own  navigation  equipment  whereas  system  approaches  6  and  7 
include  an  added  inertial  navigator  and  doppler  sonar,  respectively.  In 
all  of  those  approaches,  occurrence  of  dump  is  detected  with  dump  sensors 
and  recorded  together  with  vessel  position.  Critical  evaluation  of  those 
dead  reckoning  approaches  has  shown  that  for  long  Evasion  time  durations, 
vessel  location  accuracy  is  poor  even  with  some  means  of  updating  position 
such  as  a  radar  fix  on  Ambrose  I lightship.  For  approaches  6  and  7,  tho 
cost  is  high  (about  $50,000  for  each)  and  reliability  is  poor.  For  system 
approach  5,  the  system  is  subject  to  manipulation  since  the  captain  is 
familiar  with  the  vessels  navigation  equipment  and  presently  used  systems 

t.  ‘ 

(gyrocompass  and  velocity  derived  from  engine  tachometer)  are  highly 

i 

inaccurate.  On  the  basis  of  the  above  factors,  system  approaches  5  through 
7  were  dismissed  as  candidates. 

System  approaches  8  and  3.0  utilize  an  airborne  helicopter  or 

? 

aircraft.  Tho  major  disadvantage  of  these  system  approaches  results  from 


i 
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the  inability  of  tho  aircraft  to  operate  in  all  weather  environments. 


since  early  dtvrping  is  probably  r.oro  prevalent  in  bad  weather  conditions 
vhich  ’would  also  preclude  aircraft  from  flying.  In  addition,  operating 
costs  for  aircraft  surveillance  are  high.  On  tho  basis  of  these  arguoments, 
system  approaches  8  and  10  will  not  be  selected  for  further  examination  as 


candidates  for  the  dump  monitoring  system. 

System  approach  9  incorporates  a  satellite  navigation  system 
aboard  the  vessel  along  with  dump  detection  sensors  and  a  recording  sub¬ 
system.  Several  navigational  techniques  are  available  using  satellites 
including  angle  tracking,  range  and  range  rate  systems.  These  techniques 
differ  in  number  of  satellites  used,  vessel  on-board  equipments  required 
and  complexity  of  ground  tracking  stations.  The  angle  tracking  system 
requires  an  on-board  antenna  pointing  toward  tho  satellites  transmitting 
signals.  By  rslvihllehing  two  or  mere  lines  of  position  from  measurements 
of  two  or  more  satellites,  a  position  fix  is  established.  Tho  angle 


measurements  must  be  made  with  great  precision  an  error  of  .001  radians 

corresponds  to  an  error  of  3  to  4  miles  in  the  fix.  In  addition,  vessel 

local  vortical  must  to  measured  to  about  20  arc  seconds,  a  difficult 

requirement  in  itself.  The  range  technique  requires  a  ground  station 

tracking  a  minimum  of  two  satellites  and  sends  coded  signals  to  the  vessel 

via  satellite  transmissions.  A  transponder  aboard  the  vessel  returns 

signals  to  tho  ground  station  via  tho  satellites.  A  ground  computer 

computes  position  by  using  measured  values  of  ranges  from  tho  vessel  to 

* 

the  satellites.  Tho  range  rate  satellite  navigation  technique  measures 

Doppler  shift  of  a  received  satellite  signal  as  a  function  of  time  and, 

» 

with  an  on-board  vessel  computer,  vessel  position  is  computed  on-board. 
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All  of  the  above  t'lebivifr '.i.’:*  requi  •• ;  rcyh* i  rated  equip.  .on  1  ei'ho-  on  ¬ 
board  the  vcScol  or  ground  stations  m..1  ac«j-*J..dlioa  and  oj,orut5  r j  c-.v.t s 
for  such  systems  are  high.  In  addition >  pr.tollitos  for  the  proposed 
approaches  -tvo  not  ss  yet  available  for  24  hour  continuous  coverage. 
Accuracy  of  those  ays  teres  is  on  the  order  of  .1  to  2  miles  with  simple 
computers  but  can  be  several  tenths  of  a  mile  with  a  complex  computing 
system.  For  the  sea  dump  monitoring  system,  the  use  of  satellite  navi¬ 
gational  techniques  is  too  sophisticated  and  costly  compared  with  other 
system  approaches  and  therefore,  rill  not  bo  considered  further. 

In  system  approach  12,  surface  buoys  implanted  at  the  dump 
sites  containing  cither  an  IFF  or  radar  beacon  transponder  responds  to 
interrogated  signals  from  the  vessel,  and  range  to  the  buoy  determined 
with  an  on-board  processor j  on-board  dump  sensors  provide  detection  of 
dump  occurrence .  A  digital  printer  is  used  for  rwnordi n«  position  and 

i 

dump  occurrence .  This  system  approach  does  not  provide  continuous  monitor¬ 


ing  of  dump  vessel  positions  e.u route  to  the  dump  site  and  thus  navigation 
aid  capability  for  the  captain  cannot  bo  provided.  The  major  disadvantage 
of  this  approach,  however,  stems  from  the  requirement  of  implanting  buoys 

which,  for  the  long-range  dump- sits,  is  difficult  and  costly  due  to  the 

I 

greater  depth  of  the  ocean.  Oh  the  basis  of  the  above  arguments,  this 

approach  will  not  be  considered  as  a  candidate  for  the  DM3. 

* 

The  log  entry  system ,  approach  11,  is  a  minimal  dump  monitoring 
system  approach  in  which  the  on.  [da in  is  required  to  enter  into  the  ships 
log  the  time  of  significant  events  such  as  leaving  dock,  passing  Ambrose, 
dump  started,  dump  completed,  and  return  to  harbor.  The  logged  data  could 
bo  augmented  with  additional  facts  such  as  engine  tachometer,  ship  heading, 


i 
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r 
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etc.  In  adilitlon,  identifiable  markers  submersible  after  a  period  of 
time  who  eh  the  captain  would  b?  required  to  leave  at  the  dump  site  for 
subsequent  surveillance  by  a  DCS  patrol  craft  could  be  considered  with 
this  system  approach.  Although  the  deterrent  value  of  this  system  ap¬ 
proach  cannot  be  readily  measured,  one  major  disadvantage  stems  from  its 
legal  ineffectiveness  in  the  prosecution  of  violators.  It  is  believed  that 

the  high  degree  of  human  Involvement  is  too  critical  to  the  success  of  thi3 

•0 

system  approach  and  therefore  it  will  not  be  selected  as  a  candidate. 

System  approach  13  utilizes  an  on-board  radio  direction  find¬ 
ing  equipment,  dump  sensors  and  a  recording  subsystem.  In  this  approach, 
the  vessel  RDF  will  provide  bearings  to  two  available  shore  transmitting 
stations  geographically  located  so  that  vessel  position  can  be  determined. 
The  bearings,  dump  status  and  ship  heading  will  be  recorded  at  periodic 
intervals.  Tho  vessel  location  accuracy  using  this  system  approach  depends 
on  tho  Vessel  heading  accuracy  of  the  gyrocompass  and  the  accuracy  of  the 
on-board  RDF  equipment.  Vessel  location  accuracy  using  this  approach  is 
poor,  in  the  order  of  10-15  n.m.  at  dump  sites  100  n.m.  off-shoro.  In 
addition,  the  system  can  bo  easily  manipulated  if  the  captain  is  required 
to  operate  the  RDF  equipment  and  operational  reliability  in  severe  weather 
conditions  is  poor.  For  tho  above  reasons,  system  approach  33  will  not 
be  considered  a  candidate  for  the  DM3. 

Range-range  systems  such  as  would  be  used  for  approach  14  are 

I 

presently  available  as  complete  location  systems  designed  primarily  for 
off- chore  survey  and  drilling  operations.  This  equipment  is  not  suitable 

i 

for  the  CMS  because  it  is  operationally  explicable  to  only  a  single  vessel. 

! 

Thus  this  approach  will  not  bo  considered  as  a  candidate. 

i  . 
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System  approach  15,  which  uU.liy.os  sonar  buoys  or  a  sorm* 
transpose;?!!*  implanted  on  tho  ».>ooa!i  hot  to:!,  fmi  the  doilcio:— 

ci.es  cited  in  system  approach  .12.  Fttrlhoiwre ,  the  lvn-.gi*  >.;*  short  and 
not  dependable.  Accordingly,  this  system  approach  y.*31  not  bo  *30  3  0  0  o  O  d 
as  a  candidate  for -further  examination. 

Table  4-4  presents  n  aumtm-y  of  the  candidate  systems  selected 
for  the  Dump  Monitoring  System.  Complete  description  of  these  candidates 
is  presented  in  Section  4-2. 


I 


I 

> 
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b/> .  ..  &-MXJSK.  CAtiKi  .rat*: 


System 

Candidrf.o 

1A 


IB 


IB* 


1C 

2 

3 


4A 


Location 

Sttljf-.ralca 

Differential  Omega 


Loren  C 


Lorun  A 


La  rati  A 


•Shore  l>7if-ic 

with  On- -board 
Radar  Beacon 

Shove  Raced  Radio 
Direction  Finder  a 
with  On-board  i'rtino 
jnitter 


Du-tip  Detection 
_ _ 

Draft  Status,  K von la 
Unite,  Actuator  and 
Door  Switches 

Draft  status,  Events 
Units,  Actuator  and 
Door  Switch os 

Draft  status,  Events 
Unity,  Actuator  and 
Door  Switches 

Events  Unit 


Draft,  ShntiJM,  SVritif.y 

Units,  Actuator  ard 
Doer  Switches 

Draft  Status,  Events 
Unit,  Actuator  and 
Door  Switches 


Differential  Gauga  Draft  Status,  Events 

Unit,  Actuator  and 
i)oor  Switches 
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Recording 

Siibsyiit^ii 

On-  -board  Digital 
Printer 


On-boa i'd  Digital 
Printer 


On-board  Digital 
Printer 


On-board  Digital 
Printer 

ShOlvj  Shr-t-n 

Processing  and 
Recording 

Shore  Based 
Processing  and 
Recording 

Pufr,p  Yessol-to- 
Shoro  Data  Lin’c, 
Shore  Data  Fro- 
cosoing  and 

Recording 


Rw'OKiPi.i.C! (»• 

Th L H  t.-'V'Vil  r.  chuvidpli  of  !.'>.?  rel '-Iml  <  « i>:;i - ■ 

dates  for  thy  J*!S  uh* «ro  ova‘t«nt-."t  An  d  -l-il  in  ndij-.^yWit  t  tv'Ao, c  of 
tho  report.  Kj-.cIi  cur-Kditla  :T icbi-tl I  rv  t  r.c- ir-l  code  i.:\  v.’.oyel/ 
assigned  in  Yr.bl.o  /,*•/».  IJjo  .'-.srli^unt  co.  >:>!U  ;onl  vL.il l-.  d  by  e-.ch  errd »♦'!*; tc 
fiystc:.>  including  loth  dr.-p  v.-ojmI  mvI  rhr\o  1  n .-jnlpo.nts  (if  any) 

aro  shorn  by  the  curdid.ito  i.y  sLom  Aviation.?!  MoeV  d.Mtfp Pvtaily  mi! 
operational  procedv.  for  tho  cnarbdaLc  syolws  aro  pro:’ .-i.tc  1  ir»  {?:)  text. 

/,.2.1  Candidate  H  -  JJlfx'oivril.W  C vJ.lh  O.v  Tn-.rd  O.i-.o 

_ _ a»v)  A  t  oo-vP  a  -.  . .  . _ . . 

Thin  system  ourcUrlato  utilise;:?  tin  cut'.;  uLlc  Cv  i-o^iver  ul/v»;\l 
tho  tiiv  ip  vom:ul.  for  |'o;?itic!i  fr-  &  d.-.fL  :•••;.  rurinj  unit  **•»•*  (I  f  .v  ;  h-l) 
control  «;e:'so.r«  to  ia.--vit-.or  tho  ccev.n one i  of  drep  vv!  r-n  .•int.v-  a5-!-:  db.tMl 
pHvtfty  for  t’sta  jc-en?  •.!.»«**.  «n  *<?«!•  hi  or.,  *-.?  n.*v  mot"  i.i  p.-y^bLd  to 

denote  relucted  events  t.*hich  serves  to  identity  and  eerr.1  tie  iv.  :rf ut!  data, 
at  the  ahOi-.J  cento* .  Tho  shov.: -br...  vui  .  at:?  ir«;l»  do  r.n  C.r.;gc  i*.  reiver 

#;>J  digital  printnr  vMeb  p-ovldur.  a  ii-cum?  of  co»v.:rt.lr.g  for  c^rta’*:  s?cy- 
vnv-j  proi>a(;T«tlon  error:?  to  otihttuc:  vor.ro  1  location  «orur »cy. 

Tho  vessel  or.  heard  oyetvn  operates  ay  lountl  colly  rcv.pt  for 
tho  rctjcircie  nt  to  !.•■•:?»?? ally  color  U,s*->  vin  tho  event.-;  uvtt  prior  to 
leaving  tho  dock,  lhe  ical-liw  C.- -go  Rveei v »v  vut;*»*U‘  -?  •;-? V.v  ll  of 
position  volet l vo  sr/*,  0p-5r.ti.ln2  ctni*,?s  vV  tfi  *mi  j-rita  'e,ny 

recorded,  after  conversion  to  IvP  fount,  eu  tri  print  -r.  Y?*»  p  *in*  !ut«*r- 
val  is  set  to  ante;'  tieiHy  prin’m**,  at  n  p»-.v  v.i  i{a.?  iuisvv-tl  or  men 
«  print  ceo'Tvl  Signal  fre-?  th?  iwr.lt:  •<«* t.  At  t  },??■&  rr* ■**-  v%ts#  tho 


oi.tp.it  /f  V.’.  ■'<  ,?  d  •■•r?  :  . (;• :  ••••11  «jSitr*  oC  iron! 

va  1  vo s ,  r.clwn M-nr,  ew.)  o»c  nloo  The  dr^ft  s.-n^n-  conaia’ca 

of  pre-cot  prcjni.o  cA.  leh  >a  fitted  to  tV-s  uvaH.-tblo  «ca 

r/t<  :;ts  or  f.—i-v.-r.fer  jdp.:;»  pi  jvlnl::;;  ef  V--s»t:a3  drift  at 

appiv*xl.i.’ilu  r.t:.p:;  of  1/2 ,  ‘j/^t  ?//,,  13/lf.,  '//f ,  l'/lS  at. cl  full  load. 
Tho  pvoasuro  wttchoa  ore  co;»naat"d  dttoclly  to  tho  digital  recorder  to 
proiMdo  n  print-cut  on  one  '(or  in  emrtrcvid  to  a  resistor  bunk 

to  provide  «  current  for  an  vrv\l‘  rv-co-nlci*  abort  d  a  tovad  ttcou). 

Tho  c  sorts  unit  ivovUU  i  a  : r-i  f v v  tho  c-.ptstn  to  r ;t  In 


t * r ulion  li.v/l ng  d-.vkridj  for  u  <!»:.%>  cm!  in  s.ddHiou,  containr*  leaiml 
eon’rol,  .'.witches  to  ei  dipron:;.  d  ft*.  r.O.ue' ..  !  svv-ts  Mich  an  t  Jtvins  Dusk* 
Pna^Wi?;  /t-l  roeo,  P-.-'p-f..;  JSh.ti-tcd,  etc.  Ths  tl.* .♦  •>.«  wall  at?  t*»->  s-.lcct.nl 
c»vnln  itie  VJ"Ot  J..d  O.t  *!*;  ,•••* i.t.-*'. 


f  »  »  ,  ?  »  f  -  . 

JJM  tl:  Mtw*  ‘5  4 

nrwi  has  nn  euglijrh  Jnr-iit,;;  printout 


'tl  ,»  ,  v'  ?  *  » 

#  *.  <fv*i  **%»«> 


..I  (It 


*•*> 


Kne'i  chmr->X  has  a  16-cbnractji* 


print  cap-bill  ly  indudir^  mvcricnl  digits  o  th .*•  a»ph  9.  Thus  sufficient 


channel ;«  and  vhrnr.cUrs  ew  av-v  table  t®  cec-ud  all  of  tho  required  t'MS 
output  d»ta  plus  vessel  identity  ar.4  d*tc. 


Tho  eshor*  Cr-ig.i  re  re;  iv*r  i£P  outputs  provide  accurate  values 
of  rhyvneo  ecmeiicna  ?dh<\>  thn  niwlver  locution  Is  known.  It  is 
ncrerr. <ry  to  purlod’c-lly  vseir-J  ths  r$csiver  WP  data  and  tine 

since  tho  r-»-f**cttona  varies  hrtb  dturpslly  end  bcuriy.  The  sky 
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am  cry-in  t  imtisa  ft ecu re cy  uring  this  Li  fferu'stial 
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a  digital  clock  in  required  with  this  c.^'*’  system.  Tho  clock  f in  bo 
incorporalct!  u.lthin  tho  Events  Unit  :*;.d  clajced  tier  outputted  to  tho 
printer  in  BCD  format.  The  btisie  block  <  ms  gram  for*  candidate  IB  in  shown 
in  Figure  4-2. 

4.2.3  Condi  dote.  113*  Loren  A  yi  th.  On- boajt'd..Puiio..Sr;iirorc.  and .J?.peo.yd.ing 
This  system  is  identical  to  candidate  113  but  Loran  A  is  used 

4 

instead  cf  Lora a  C.  Deo  also  Figure  4-2.  Hero  again,  tho  Dump  Status 
Monitors  and  the  Draft  Sensing  Unit  arc  not  required  aboard  tho  tug  towing 
a  dump  scow. 

4.2.4  Candidate  1C  »•  Loran  A  with  On-hourd  Data  Recording 
Since  this  system  candidate  does  not  utilise  on-board  dump 

sensors,  it.  is  perhaps  one  o?  tho  simplest  approaches  for  a  DM3  which 
will  normally  provide  sufficient  recorded  evidence  for  legal  action  or 
license  revocation  of  violators. 

This  system  candidate  is  coi-pri  s-v-1  basically  of  two  Loran  A 
automatic  tracking  receivers,  an  Events  Unit  with  digital  clock,  and  a 
digital  paper  tape  printer.  A  functional  block  diagram  of  this  candidate 
is  given  in  Figure  4-3.  Operational  procedures  with  this  system  require 
the  .captain  to  "lock-on”  to  tho  Loran  A  station  signals  and  to  activate 
the  control  event  switches  on  the  Events  Unit  at  certain  times.  As  in 
system  candidates  1A,  IB,  and  IB',  the  printer  will  record  data  at  pro- 
specified  intervals  and  upon  tho  entering  of  Events. 
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/,.?,$  Candidate  2  -  Shoi'o  Ha  rod  lender  with  On-board  Radar  Deacon  -md 
_ _  _ Pump  San VS’ _  ,, , ... _ _ _ 

This  system  candidate  utilises  a  shore  bared  radar  interrogation/ 
receiver  station  in  conjunction  with  an  on  -board  radar  beacon  transponder 
and  dump  sensor  equipments  to  j rovidc  vessel  identity,  vessel  location 
and  dump  status  data  to  the  rada.  station.  Since  the  data  is  rondo  avail¬ 
able  at  the  chore  station,  this  system  docs  not  require  an  on-board 
recording  system  and  provides  real-time  dump  monitoring,  is.  a  dumping 
violation  is  detected  at  the  time  of  its  occurrence.  This  system  is 
similar  to  the  ATCftiJS  (Air  Traffic  Control  Radar  Beacon  System)  currently 
used  in  the  U.  S.  for  air  traffic  control.  In  pri.  ciple,  the  shore 
based  radar  station  transmits  an  interrogation  signal  to  the  vessel  on¬ 
board  radar  beacon  transponder  which  if  sot  to  respond  to  the  intorrogatio 
signal,  transmits  a  r.-vV-d  reply  signal  bach  to  the  shore  receiver.  The 
transponder  reply  codes  currently  in  use  provides  two  framing  pulses  20.3 
microseconds  apart  with  12  information  pulses  between  thorn  resulting  in 
a  system  capable  of  producing  /,0>6  different  coded  replies.  In  addition, 
a  special  position  identification  (S?l)  pulse  v.:iy  be  used  with  any  of  the 
4096  codas.  A  much  simplified  transponder  reply  code  would  be  required 
for  present  ocean  dumping  operations.  The  interrogator  code  could  be 

that  presently  unassigned  for  civil  applications  and  is  comprised  of  2 

\ 

pulse  pairs  25  microseconds  apart. 

Tho  data  processing  and  display  center  located  at  tho  radar 

1 

station  could  bo  oithev  a  manually  operated  center  which  utilises 

I 

conventional  RPI  displays  or  an  automatically  ^porated  canter  utilising 

t 

I 

V 
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digital  computers  and  printers*.  In  the  foivor  cuh»,  an  operator  would 
view  tho  rpi  display  of  vc-Tc-.il  rvct.v  returns  v'th  ftddltic.ri!  vv'bi ngc  to 
identify  tho  transponder  reply  code  and  ascertain  vessel  location  period.!  cully 
during  the  mission.  A  c.-vm-rri  eye  tern  could  be  utiLV-v.d  to  record  the  vessel, 
location  at  various  tiircs  for  legal  evidence,  With  an  autovitically 
operated  center,  a  digital  computer  would  permit  continuous  storage  of  each 
vessel  position,  dump  status,  etc.  end  subsequently  print  out  the  data  at 
periodic  intervals.  With  a  computer,  a  summary  record  of  all  vessel  dump¬ 
ing  activity  over  a  given  period  could  readily  be  provided,  i’or  or/. ample, 
for  a  specified  time  period,  the  computer  can  print  out  vessel  identity, 

I 

number  of  trips  made,  number  of  violations,  date  and  time  of  each  violation, 

) 

etc.  For  purposes  of  the!  present  study,  it  is  assumed  a  manual  center  will 
be  utilized.  * 

•TM...  V.  . 1  »  .,f*  41.  f*l .  • 

Alio  vii-'woi  Vs  k.'uhuwi  'v|uj.yi.‘ViAUu  i.  v  t* i  vt tv*  vl.ikl  h 

l 

unit,  the  events  unit,  and  the  dump  actuation  status  monitors  (if  necessary 

*« 

or  desirable).  .• 


4.2.6  Candidate  3 —  Shcro  Eased  RDF  Stations  with  On-board  Transmitter 

and  Dump  Sensors 


Tills  system  candidate  utilises  two  shore  based  RDF  stations  to 
dotermlno  vessel  location  from  signals  transmitted  from  an  on-board  brans-- 
roitter.  The  transmitted  signals  are  modulated  to  contain  tho  vessel  dump 
status  and  its  identity.  Tho  received  signals  at  shoro  are  converted  to 
digital  format  using  a  fre«ii.\a»3cy-to-dJ.gital  convertor.  Tho  I'DF  stations 
considered  to  bo  loo*. tod  /at  two  .vu  liable  Coast  Guard  stations  ool octet! 
on  the  basis  of  geometrical  accuracy  consideration,  is  a:?;  at  nod  to  contain 
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an  uj.'Miil.  .‘i1  ii'ijii.x  iif  i  t 

goniomnlor  to  exli-cct  vvrsol 


bearing. 


i'j ndcr  bj oLoii.  at Ji 7j± ng  a  rxidi.o- 
This  bearing  data  in  rctram/mHled 


on  a  telephone  or  radio  link  to  a  control  jnoceasing  center  where  the 
vessel  identity,  dump' status  prd  bearing  data  are  correlated  and  recorded 
on  a  digital  printer. 

Since  the  processing  center  will  receive  data  from  many  vessels 
over  time  periods  ranging  from  6  to  36  hours  depending  on  dump  missions 
which  may  overlap,  this  system  will  require  a  digital  computer  for  data 
assortment  and  correlation.  In  all  likelihood  an  I/O  multiplexer  will 
be  required  to  In;. die  received  data.  The  computer  also  permits  computa¬ 
tion  of  vessel  location  from  the  two  bearings  taken  at  the  selected  RDF 
stations  as  well  as  serving  as  a  general  storage  record  for  an  individual 


dump  vessel. 


xho.  on-hoarrt  dumo  sensors  selected  for  thi  s  candidate  system  are 
the  draft  sensing  unit,  dump  status  monitors  (as  needed)  and  an  Events  Unit. 

■  i 

on-board  digital  printer  is  required;  the  data  is  tolcnvatricd  for  recording 

♦ 

ashore,  using  modulation  of  fchp  same  transmitter  used  for  rdf. 


4.2.7  Candidate  4  -  Differential  Omega  with  On-board  Dump  Sensors  and 
_ Ve  a  gel/jvhoro  J>j  ta.  Dink _ , _ 


No 


System  candidate  4  is -similar  to  candidate  1A  except  a  data  link 

i 

is  provided  to  transmit  dump  status,  vessel  LOPs  and  vessel  identity  to 

a  shoro  center.  The  digital  printer  and  the  roquiremont  to  in sort  initial 

1 

time  as  utilized  in  candidate  I A  are  not  necessary.  For  the  same  reasons 

discussed  in  paragraph  4*^.6,  this  system  candidate*  requires  o  digital 

♦ 

processor  and  an  I/O  multiplexor  at  the  shore  center  for  data  correlation, 
computation  and  storage. 


i 
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rswx<w  5.0 

KVALUAi'JLOii  Ai::>  A'JAlAoiS  i/Xia'QUi? 


In  comparing  various  nyst-r.i  approaches  m.d  in  rolli.»*'  selected 
system  candid  1  bur:,  on  evaluation  technique  \ns  employ  :d  which  c- <ifl re sn 
itself  to  those  /.expects  of  tho  ser.  dv.*p  /-Tutoring  system  which  are 
significant  sod  refloat  diffcrunceu  in  the  synlws  ayr.».»iuud,  A  ur»i Pom 
capability  in  all  systems  would  change  the*  l.'-vol  of  tho  cv- Jon  lion  but 
tin  relative  ocbparlxtox)  would  l-ocv.t In  tho  emu.  As  an  e/mt ■...•>? c,  if  all 
systems  have  tho  e#r.:o  logoi  cffoetJ.vwner.«,  tho  overall  score  wngnitudo 
of  each  system  with  legal  effectiveness  corn  Id?,  rod  would  change  but  the 
rolattvo  positional  rating  would  bn  the  rat*  3. 

Tho  evaluation  technique  roleated  for  tho  comparative  study  is 
based  on  an  overall  score  rating  technique  focMed  by  th-3  product  of  tho 
6ub;.coro  ratings  mid  tho  average  weighted  subecoro  rating  cf  nignlf leant 
system  factors.  Details  of  this  rating  approach  Is  prerented  in  Vni-ugraph 

5 

5.1.  In  order  to  perfom  an  unprejudiced  evaluation  cf  candidate  systems, 

t 

it  was  necessary  to  apply  normalisation  of  the  input  data  to  tho  overall 

l 

score  rating  technique  in  accordance  with  tho  approach  discussed  in 

» 

Paragraph  5.2 


5.1  SYSTEM  MTIK  IWi'HOD 


l  1 
I  ! 


Tho  overall  scox*©  (03)  rating  toothed  is  fom.'d  by  cr aside ring  a 
number  of  sttbscoros  (Si»  Sg,  Sji  •— S^)  vh  /c  each  aub.«ceru  Iwltsdoa  the 

I 

significant  ova) nation  factors  for  the  dump  f’cnitarlng  syst  4.  Tn  equa  ¬ 
tion  fora,  the  ovor&ll  score  ctia  be  v»  it  ten?  • 

(5-i)  OS  ^  f  (^  +  S2  “  *  -  4)/  n  j  f  Hi  P*  -  -  -  R,  j 

*-  i  l 


Tho  .vlv',ntngs,»  cf  this  product  mt.t ng  method  over  other  rating  approaches 
(foe  oxwfcplo,  cum  rating)  lies  in  the  capability  of  elirainating  a  poor 
candidate  early  in  the  evaluation  thereby  permitting  concentrated  effort 
on  tbs  wore  promising  candidate  oystor.8. 

The  sub.: cores  (S^,  S^,  — S^)  are  determined  by  tho  product  of  a 
weighting  factor  (W)  cm!  an  asso«e:ront  rating  (R)  for  each  significant  evaluation 
factor.  Thus,  in  general, 

(5-2)  Si  «  Vi  x  Ri 

Tho  weighting  factor  (W. )  solves  to  weight,  the  evaluation  factors  in 

t  * 

accordance  with  its  relative  Importance  to  tho  overall  ayut.ua  requirements. 

Cost  cffcei.iv0n.3as,  for  cxawplo,  which  is  a  jr.onr.uro  of  system  perfoi-manco 
relative  to  life  cycle  costs  is  weighted  five  tJ*i.o3  moro  significant  in  tho 
overall  auure  luting  Uum  autcjcaticity. 

The  evaluation  factors’ used  in  tho  overall  score  rating,  established 
jointly  by  Sperry  and  tho  Diotirlct  Corps  of  Engineers,  are  as  follows* 

-  Range  of  Coverage 
®2  *  Effectiveness 
Sj  -  All  leather  Capability 

-  Autocrat  lei  ty 

S  -  Initial  Coat  t 
5 

» 

These  factors  arc  diseased  in  detail,  including  assigned  we  luting 

k 

factors  and  ratings,  in  paragraph*  $.1.1  through  5.1.10  which  follow. 

» 

I 

l 


-  Cost  Effectiveness 
$rf  -  Location  Accuracy 
Sg  -  Design  Factors 

-  Miscellaneous  Factors 
S^o*  Hardware  Availability 


» 
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The  ulcsion  in  pr  r  •£;•)•*  nh  P.3  hf<r  I r.br.-'l 

the  operation'll  ranga  of  coverage  to  indivl;-  both  chart  iratgo  (XO  n.  1*;:;) 
for  present  dur.p  operations  and  Ion"  rnngj  (edgo  of  t:*u  conif.o.  ah-tl  u!i:iXf) 
for  future  ilirnp  opyatiema.  To  consider  fcui’i  range  coverage  roiuiv*.  .ants,  tho 
following  rating  scale  was  eslahllrfiyd .  If  the  system  candid ato  i «  cnpjblo 
of  operating  out  to  thj  continental  shelf,  a  unity  vutin."  factor  vn.t 
assigned.  If  car alio  of  operating  beyond  thy  coi:ttr..-ht*J  shelf,  tha  rating 
vaa  increased  to  1.1  to  neb nou] edge  J.rcro£.3od  ayetc*;  cup-’.bill  ty.  Proportionately 
lower  ratings  r.re  assigned  with  decreasing  range  cover. a  go .  Table  5-1 
But.'mrluos  the  assessment  rating  established  in  accwdanco  with  the  ftfcavo 


policy. 


TA-dr;  s- j _ srsg  JS iv> w. 


STSTKX  CAiMMLh  OF  0P8UT1KG 
IT  Mwm  BiOHt _ 


mm  (r,  ) 


0  to  Greater  then  300  M.K.  1.1 

0  to  100  H.M.  1.0 

0  to  SQ  K.M.  0.9 

0  to  SO  H.M.  0,7 

0  to  Present  Pv.*p  Sites  (  0.5 

Less  Than  Present  Dyyp  Sites  0 

The  ©ees«i***33t  vuightirg  for  the  r&»*£ s  of  covers^  factor  Is  t*Han  as  ta»iiy 

\ 

<K>  that  Sj  b  1  X 
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5.1.2 


Legal  Effectiveness  (S^) 

The  legal  effectiveness  rating  of  a  candidate  system  is  subjective 

and  is  baaed  on  the  credibility  of  the  evidence  in  the  courts. ‘ 

The  dinap  monitoring  system  is  similar  in  several  aspects  to  auto 

* 

speed  law  enforcement  using  radar,  and  court  rulings  concerning  legality  and 
accuracy  of  those  devices  will  provide  some  insight  in  the  assessment  of  legal 
effectiveness  of  the  candidate  dump  monitoring  systems.  Based  on 


radar  court  case  history,  it  is  evident  that  the  accuracy  and  reliability  of  the 

dump  monitoring  system  being  a'  new  concept  will  be  challenged  in  court  and 

♦ 

export  testimony  attesting  to  its  .'scientific  principle,  construction,  operation 
accuracy  and  reliability  will  .be  required.  In  addition,  readings  and/or 

recordings  of  the  dump  womworing  system,  in  orcier  no  sustain  a  conviction, 

« 

» 

will  require  clear,  convincing -and  unequivocal  proof  of  its  accuracy  either 
by  test  records  performed  priojj  to  and  after  violation  or  by  multiplicity 
of  recorded  sensor  data  correlated  in  such  a  manner  as  to  provide  reasonable 

4  » 

proof  of  proper  functioning  and  operation  of  the  equipments.  A  significant 

difference  between  the  radar  speed  sensor  system  and  the  dump  monitoring  system 

is  that  in  the  latter  system,  continual  monitoring  of  vessel  position  and  dump 

status  during  the  dump  mission  is  provided;  with  the  radar  speed  sensor,  only 

j 

a  single  piece  of  data  is  available  which  must  stand  alone  as  evidence.  With 
periodic  monitoring  and  recording  of  multiple  sensors,  correlation  of  the  data 
package  would  probably  provide  Convincing  evidence  of  proper  functioning 
and  operation. 
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Assessment  ratings  assigned  for  the  legal,  effectiveness  sub- score 
S2  is  given  in  Table  5-2  .  The  systu;:>  t:aighting  factor  to  be  applied  is 
taken  as  unity  (Bp  ::  ).  Since  the  pnirary  objective  of  the  dine  monitoring 

system  is  to  provide  evidence  for  the  enforcement  of  dumping  regulations,  tlio 
ratings  v/ere  stringently  sot  to  rule  out  any  candidate  system  which  would 
not  generally  hold  up  in  court. 

TA3L8  5  -2  M8G»J,  KFr^?17V3%SS  .gorascsttc  FAYtafl 


Rating  (R?) 


Data  Effect:*  yity  in  Court 


Air  Tight  Always 

Generally  will  hold  up  in 
Court  but  not  always  airtight 

Generally  not  likely  to  hold 
up  in  Court 


5-1.3  All  Weather  Capabili  ty.  (S^) 

i 

The  all  Weather  capability  subscore  reflects  the  capability  of 

1 

the  dump  monitoring  system  to  perform  in  the  service  environment  discussed 
in  paragraph  2.2.3  The  assigned  assessment  ratings  are  presented  in  Tabic  5-3 
and  tlio  weighting  factor  selected  for  the  overall  system  candidate  score 


is  unity  (S-j  =  R3). 


TABLE  5-3  ALL  LEATHER  CAPABILITY  RATING 


Irnuact  of  Weather  oh  Performance 

Significant  degradation  occurs  only 

for  weather  conditions  which  do  not  exceed. 


r  1$  of  timo 
■  2%  of  time 

1 

i  4 %  of  time 

» 

5 $  of  time 


Rating.  .(Rt) 
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^uto:n;iyicilj'  (S^  ) 

Th.j  degree  of  autowaticity  of  the  dump  monitoring  system  candidates 
is  an  important  evaluation  criteria  factor  from  several  standpoints.  With 
a  completely  automatic  system,  vessel/barge  ere./  operational  participation 
would  not  bo  required  thereby  minimising  improper  operation  and  abuse  of  system 
equipment.  In  addition,  automatic  -systems  v/ill  provide  a  doterrent  to  equipment 
tampering  due  to  un familiarity  of  the  system  by  the  crew.  Finally,  an  automatic 
system  will  he  more  readily  accepted  by  vessel  owners  and  the  captain  since 


participation  by  then  would  not  bo  required  or  would  be  minimal  at  most,  thereby 

I 

not  adding  a  work  burden  on  thorn.  The  recommended 

i 

the  Automatic ity  aubscorei  is  provided  in  Table  5-4- 


assessment  rating  for 
The  assigned  weighting 


factor  is  cho.~on  to  be  unity,  so  that  *_  R^. 

TAflIJS  5-4  AUTOMATICm  RATl'UG 


Degr^o  _of  Auto'uatjc j.ty 

. ~T 

Fully  Automatic  After  Power  Turn-On 


Rating  R/ 

1.1 


Requires  Only  Minor  Attention  of  1.0 

Captain/Grew  at  Unsophisticated  Level 

Requires  Significant  Attention  of  0 

Captain/Grew  and/or  Considerable  Techical 
Skill  level 


5.1.5  Initial  Cost  (S5)  . 

This  subscore  in  included  to  show  sensitivity,  if  any,  to 
initial  cost  or  to  rule  ouo  any  system  whose  initial  cost  is  above  a  tolerable 
amount  (e.g.,  a  budget  limit).  By  agreement  with  N.Y.D.C.E,,  R5  «  S5  =  1.0 
for  all  CMS  candidates. 
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5.1.6  C-y.it,  KffoctA^nosa  (S^) 

The  cost  off cc tivcaiess  subscoro  is  a  Measure  ox  ay.;  ban  effective 
ness  in  deterring  improper  dumping  relative  to  life  cycle  costs.  As  used 
in  this  study.  At  is  defined. as  tbo  ncxs&liscd  quotient  of  the  weighted 
relative  value  of  perfoi*iaanco  effectiveness  of  a  candidate  divided  by  the 

5  year  cost  of  ownership  fore  the  candidate,  l-athe-ratically,  the  cost 

# 

effectiveness  factor  can  bo  written: 

(5-3)  H*  =  Vp,;,/C  whore, 

5 

H1  -  Cost  effectiveness  factor, 

Gf.  is  the  cost  of  systen  ownership  for  a  5  year  period  and 

Vv,,c!  -  the  weighted  relative  value  of  performance  effectiveness 
ox  a  canaxaato. 

The  03i\formanco  effectiveness  measure,  VYi;.«.,  is  related  to  the 
performance  and  operational  characteristics  cf  subsystrrms  coaiprlsing  the 
CDS  candidate  and  is  defined  by  the  following  equation: 

(5-4)  vM  =  (yM  Vr.  +  \\  Va  +  !«> 

%  *  \  *  »«  *  !  >j 

fpp  ~  Probability  of  Detecting  Occurrence  of  a  Dump 

P^  ~  Probability  of  Locating  Vessel  to  within  Specified  Accuracy 

PR  Probability  of  Correct  Recording  of  Dump  Information 

PjjU  -  Prob-ib.iJl.ity  of  identi  eying  improper  dumps  during  normal 
data  review 

Pg  -  Probability  of  Effective  Utilisation  of  Data,  and, 

nnd  W-5  are  weighting  factors  reflecting  the 
Worth  of  each  subsystem,  in  dot-erring  illegal  dumping. 
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iiv.  K-ilccv.loa  of  sv.b:./atc  ‘  weight Tug  factors  was  basal  on  a 
subjective  evaluation  of  ivyai^i  vtirbh  assuming  loss  of  ouch  subsystem 
considered  separately.  If  it  is  assumed,  for  example,  that  a  recording 
sitbs/sloi  used  for  a  particular  candidate  is  not  functioning,  its  loss 
in  more  significant  thou  nay  loss  of  the  dump  detection  subsystem  since 
without  the  recording  subsystem,  no  surveillance  is  possible,  whereas 
without  the  detection  subsystem,  some  measure  of  dump  surveillance  is 
provided  with  recorded  vessel  location  and  tine. 


Using  the  above  rationale,  the  following  weighting  factors  wore 


assigned : 


Dxup  Detection  Weighting  -  H  -  2 

v  I  jJsJ 

Location  Accuracy  Weighting  -  ~  4 


Recording  Weighting; 


1  V**_.  n  Pcrir  i  Qt.r  V,:  -j  rfl yj*'?  -,i  <y 


Effect! vity  Weighting 


"  vmsl 
-  me  =i 


The  probability  of  detecting  the  occurrence  of  a  dump  is  a  func¬ 
tion  of  the  specific  dusip  detection  approach  used  as  well  as  the  type, 

5 

number  and  arrangement  of  sensors  provided.  Thus,  the  probability  of 

t 

dump  detection  using  on-board  -sensors  monitoring  vessel  draft,  dump  controls 

i 

and  dump  activity,  may  be  expected  to  differ  from  an  approach  only  sensing 

draft.  In  addition,  for  a  specified  system  approach,  alternative  arrange- 

ments  of  sensors  are  feasible  (parallel  redundancy,  serial  configuration, 

standby  redundant  configurations,  etc.)  so  that  the  probability  of  dump 

« 

detection,  Pjvj  is  dotcr  -tjrcd  by  the  system  candidate)  specifics. 


The  probability  of  locating  the  vessel  oo  i;.< .  th.‘.u  the  accuracy 
specified  for  the  system  is  ivbilisod  in  the  system  effectiveness  model. 

PT  depends  upon  the  accuracy  of  the  location  system  used  and  its  opera- 

ll 

tional  state  (operating  capability).  The  operational- state  will  depend 
on  the  reliability  of  the  locating  sys ton  equipments,  the  availability  of 
these  equipments  at  the  tirae  the  dump  vessel  leaves  deck,  and  the  opera- 
tional  status  of  the  oquipwmt.  Knowledge  of  the  vessel  track  is  con¬ 
sidered  to  bo  about  two  times  more  important  than  sensing  occurrence  of 
a  dump  and  thus  is  given  a  relative  weight  of  A. 

The  information  most  be  preserved  in  sorao  foi'ia  for  data  processing. 

i 

The  probability  of  corrcbt  tr an r.rai s sion  and  preservation  of  dymp  informa¬ 
tion  is  defined  by  P-,  in  the  system  effectiveness  nuclei.  It  should  be 
noted  that  this  prclwb.il.ity  depends  not  only  on  the  unique  features  of  the 
candidate  system  approach  such  as  whether  the  data  is  recorded  aboard  the 
vessel  or  data  linked  to;  a  shore  station  but  also  whether  a  self-propelled 
dumping  vessel  or  a  towel}  dumper  (dredge  or  scow)  is  being  considered. 

i 

The  probability  .of  correct  data  review,  P^,  reflects  the  probability 
of  identifying  improper  dumps  given  recorded  dump  information.  This  prob¬ 
ability  depends  on  the  method  used  in  data  recording  and  the  degree  to  which 
automatic  data  processing  can  bo  utilised. 

The  remaining  factor,  *» 13  a  measure  of  the  credibility  of  tbo 
processed  information  and  the  penalty  procedures  instituted  as  a  conse¬ 
quence  of  this  information.  The  system  will  not  'cc  off oc live  it'  either  the 

i 

processed  information  lias  no  legal  validity  or  if  5 b  is  never  used  to  indict 
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atvl  prosecute  an  offender .  fi‘ho  legal  effoctivitiy  will  depend,  to  a 
considerable  extent,  on  tHo  system  approach  used,  whereas  indictment 
and  prosecution  of  a  violator  will  be  Influenced  by  the  manipulation 
and  presentation  of  the  data.  An  important  conside.rat5.on  here  is  the 
validation  of  dump  nisxion  data  by  the  captain,  legal  effect ivity  and 
prosecution  is  considerably  enhanced  if  the  I'ccordcd  data  validated  by 

4 

the  vessel  captain  is  understood  by  him.  In  add it. ton,  the  deterrent 
effect  of  a  system  requiring  captain  validation  is  boj.icved  to  be 
formidable . 


While  the  performance  effectiveness  criteria  established  in 
this  section  provides  a  reasonable  system  engineering  approach  for 
evaluation  of  a  system  candidate,  several  significant  factors  are  not 

i c.  i.  j.'rXCvU  iii  ci*.[iip:i w-  ‘s } .  oi  'jii.)  i.ia.joi-  iuCoOi  k>  ui u  UL-iiliK  anu 

mission  events.  With  these  factors  a  chronological  time  history  of  the 

dump  mission  is  provided Iv/hicli,  even  in  the  absence  of  other  data,  serves 

» 

as  a  deterrent  and  can  bp  utilized  to  provide  some  measure  of  assux-anco 

i 

that  the  dump  vessel  did  properly  perform  the  mission.  In  addition,  the 
timer  is  important  in  the  ovei’all  system  design  since  print  commands  to 
the  printer  axe  generated  by  the  timer  in  several  of  the  candidate  systems. 
In  the  performance  effectiveness  analysis,  it  will  bo  assumed  that  both 
timing  and  mission  o verts  are  provided  for  all  system  candidates  and  that 
those  factors  will  not  eir-xnge  the  relative  ranking  of  the  candidates  and 
accordingly  can  bo  omitted  from  the  analysis. 


The  cost  of  ownership,  C^,  in  equation  ( fi— 3 )  is?  the  Jif.j  cycle 
cost  for  a  single  cyotc:.'.  ovor  a  five  year  per. I  or*  hared  on  an  initial  buy 
of  50  systems.  The  life  cycle  cost  is  comprised  of  the*  following, 
o  Acquisition  Costs 
o  Costs  for  Spares 
o  Installation  Costs  * 
o  Operating  Costs 
o  Maintenance  Costs 


Generation  of  sj s tom  candidate  life  cycle  costs  including 


stated  assumptions  and  computing  procedures  are  presented  in  Section  9.0. 

The  subscore  for  the  cost  effectiveness  criteria  is  determined 
using  an  assess  aunt  weighting  factor  of  five  (%  *•  5;?-)  and  a  rating  (Ug) 
from  v’.trro  to  i.i  as  calculated  using  tee  following  Tub.lt:  5—5 . 
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Tabic  5-5 


lor  foe  tivoi'io  ss  Factor 
..... N*  _X  iq6 _ 

Rating  R% 

Above  1,0 

1.1 

0.3  to  1.0 

1.0 

0.6  to  0.8 

0.9 

0.2  to  0.6 

0.5 

Under  0.2 

0 

5  .1.7  Accuracy  (Sy) 

The  accuracy  subsccre  Is  based  on  the  weigh  tod  average  of  sub¬ 
scores  for  the  accuracy  of  measuring  vessel  location.  Vessel  location 
accuracy  in  considered  on  the  basin  of  range  to  licensed  dump  areas  from 
Ambrose  Lighthouse.  For  present  dump  operations,  a  range  of  10  n.m*.  is 
applicable,  whereas  future  dumping  regulations  May  extend  dump  areas  to 
an  far  as  150  n.w.  The  assigned  accuracy  rating  is  presented  in  Table 
5-6.  A  unity  subveightlng  factor  is  applied  to  the  location  accuracy 
rating,  r.o  that  Sy  ^  Ry. 


TABLE  5-6  LOCATION  ACCURACY 

Error  in  Measuring 
T-offMoa _ 

Rating 

Under  0.35  n.m. 

4.1 

0,35  to  0.55  n.m. 

1.0 

t 

0.55  to  0.7  n.m. 

t‘9 

0.7  to  1  n.n. 

0.8 

» 

Over  1  n.m. 

1 

0 

i 

1 

i 
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5.1.8  '•*  •DeallM.F/jtlorrt  (&j) 

*  •»  *■ 

•  ••.  •  f 

Tito  do«.l*  factor  ;»ubscor:«  is  based  on  the  yolght'>l  a  •/.>:'•;  30  of 
ratings  assigned  t.>  ctesign  factors  not  rated  els>.v*h'.M  e  but  c  ich  of  vhic’i 
is  significant  fre/;  an  overall  asepscaant  of  system  worth.  Jaaign 

factors,  with  assigned  subv/edght,  nro  presented  in  'Cabin  5-7.. 

TABLE  ,fr-7  ...  WSSTOa.  Ft  GTOIt  SJEagOTOQ. 


Factor 

Reliability 

Maintainability 


Weight  and  Si*io 


Power  P-oquiremants 

Via’; :-up  Requirements 

Curvice  Envirouiaont  C.m->hi  1 1  t.y 


MtfliK’lk*.  ’*L 


Aauignod  ratings  for  the  design  factors  are  presented  in  Table  5-8. 

i 

Tho  'overall  rating  is  computed  fro*  the  expression: 

<5-5)  fo,  M  ■ 

*  '/»  i 

i 

wbaro  tho  subscript  i  denotes  each  do sign  factor  considered. 

The  weighting  factor  ejected  fov  tho  design  factors  eerra  is  taken  as 
2,  00  that  S3  s  2  Rj,  * 
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5.1.9  r.-.rXiJ? ; '.r •*: ■: J (»v ) 

Th-j  Klr^ellruv-ouw  Factors  r.;/.b.“t:ero  to  la  l.\  ttt/j  rr ting 

criteria  cor-pvirvi  deniiv.blc  features  v^’c’i  rhwja  oy.i5.,;  vrovlh  tut  ct>  not 
relate  directly  to  nyntaa  perfcirt.jc.v,  coat,  or  the  P  'u.-:;n  ©o*s;;i«Wod 
in  the  design  factor.*.  Vhocj  jelrcollsnoous  fnoteiv,  alorj;  clth  '.rod 
iMbvelghting,  arc  pJ ven  in  Ts->lo  5-9. 


j" 


9  MCI?'. ''U 


mwm 


Factor 

Sat'oty  Fun  turns 
interchange tbi  lily 
Installation  Flexibility 
Tamper  Pi  oof 
Growth  Cnjiabillty,  R»»ga 
Growth  Capability,  Hav  Aid 
Growth  Capability,  Accuracy 
Training  Retired 
Value  as*  a  Deterrent 


2 

5 

2 

10 

1 

1 

1 

X 

y 


Am*) paid  mbtegs  fo?  the  factor?  ***V«or«  am 

provide  in  Table  5~10.  T!*s  aebacom  urighMelg  iu  taken  an  5  ‘  5  <Vj) . 

The  overall  1  g  nnifft  c*p<\bU*n  (5~$), 

M)  tU  s  ^ 

V  CUl  i 
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TABLE  5-3.0  MISCELLANEOUS  FACTOR  RATINGS 


Factor  Rating  R^ 
Safety  Features 

Inherent  and  complete  1.1 
Normal-requiros  some  additional  1.0 
Requires  special  additional  0.9 
Requires  extensive/special  adill,  0.5 
Considered  very  unsafe  0 

Interchangeability  • 

DMS  and  units  completely  1.1 
Only  similarly  markod  units  completely  1.0 
Only  by  selection  0.5 
None  0 


Installation  Flexibility 


Usable  on  all  vessels  with  only  minor 

vessel  preparation  1.1 

Only  minor  vessel  preparation,  but  minor 
customizing  needed  to  make  DMS  usable 
on  all  vessels  1.0 

Requires  significant  vessel  prepara¬ 
tion  and/or  customizing  0.8 

Requires  extensive  vessel  preparation 

and/or  customizing  0.4 


Tamper  Proof  ’ 

♦ 

Inherently  tamper  proof  1.1 

Reasonably  tamper  proof  and  requires 

only  minor-additions  to  be  acceptable  1.0 
Only  moderately  tamper  proof  but  if 

manipulated  is  readily  apparent  0.8 

Is  easily  manipulated  and  not  readily 

apparent  .  .0 


Growth  Capability,  Range 
Growth  Capability,  Nav  Aid 


Growth  Capability,  Accuracy 

•  I 

Provided  with  no  addl.  equipment  1.1 

Only  minor  oqjuipment  mod  required  U.O 

Significant  equipment  mod  required  0.5 

Not  possible  :  0 


5-16 


5.2 


WALUATI  CM  MIOC'iD'J !  03 


In  order  to  pcsrfor;.;  thy  evaluation  of  DMS  candidates,  it  was 
necessary  to  consider  inputs  from  several  sources.  These  include: 

0  Field  data  and  operational  experience 
o  Equipment  performance  characteristics 
o  Analytical  investigations 
o  Experience  with  similar  equipment 
Sines  the  overall  evaluation  seeks  to  compare  DMS  candidates  differing 
significantly  in  system  approaches  used,  it  is  important  to  assure  that 
the  data  used  for  evaluation  is  normalized  to  the  same  base,  '.'bus,  while 
field  data  may  bo  available  for  certain  equipments  presently  operational, 
it  cannot  to  used  direetljf  in  a  comparison  with  a  system  whore  only 
meager  or  no  data  is  available.  To  achieve  data  normalization,  the  fol- 

*  j.  * : &  yj.  v  *-  V.  Vi v.a  t.  -a  J.  U  t 

I 

In  the  three  key  areas  of?. performance,  cost  and  equipment  reliability, 

I 

the  input  data  was  developed  by  a  single  spocialist.  Data  was  assembled 

i 

from  the  above  sources  which  was  then  reduced  to  a  common  base  for  all 
candidates.  The  equipment  performance  characteristics  was  obtained  from 
a  combination  of  analytical  investigations  and  published  information. 
Equipment  reliability  estimates  wove  dovolopod  by  combining  field  data, 
specification  figures  and  comparison  with  similar  equipments.  Where 
subscore  ratings  Involved  subjective  evaluation,  the  rating  was  established 
eopnrntoly  by  move  than  one  engineer  and  later  compared  to  obtain  a  slngl.o 

i 

evaluation.  Section  10.0  pro son ta  a  summary  of  the  individual  suhseore 

end  total  score  for  tho  CIS  candidate.  Also  described  is  the  rational# 

end  computational.  results  lending  to  the  ratine#  which  arc  ha aid  on 

estimated  vein's  and  Analytical  roaults  presented  in  Section:?  6.0  thru  9.0. 

t  * 
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sw;nu:  6.0 


J.’ET'AOf.MlIiCK  A’SAI-YSTS 


LOCATiOII  /.CO'.ipAnY 

The  vessel  location  r.ubsy nt-exs  utilized  in  the  s nice*. ted  yyatora 


Candida. ten  include ; 


.  Differential  (Wa  ' 


.  Loivm  C 


.  Loren  A 

.  Shore  Based  HD?  With  Oiv-fccavd  Transmitter 

.  Shore  Based  Radar  with  On-board  Radar  Boacou 

« 

Tfco  first  three  vessel  locating  subsystems  ere  hyperbolic  radio  navigation 
system  whereas  the  rejesdiiiag.  two  sub  cyst -.net  arc  two  soaring  radio  rc\d  radar 

/»  «  a«  .  .  »  »*,*».  pn  k  . .  ft  .  .  .  *i  •»  .  ..  •  t  — . . 

i'UriKy/  U’c'U  r.UlH  ii  '-  ii.V«  u.-iv.»t  a 'is puu  o  j. v t.  .t.,y  «  ia>;  'tucu*  ••*u.y  oi  v 

for  these  oubcyslow-i  van  detorninod  using  the  applicable  Kathoaatical 

techniques  outlined  in  Appendix  A.  In  this  report,  the  accuracy  of  the 

vessel  location  subsystem  is  takes  as  the  rc.di.al  circular  err or  (radius  of 

uncertainty)  in  which  of  the  fixes  will  fall.  Conversely,  given  the 

syston  location  accuracy  requirement,  the  probability  of  locating  the  vesnol 

» 

to  within  a  specified  circulni*  error  (radial  oi*ror)  may  bo  determined*  l'he 

lnttsv  probltu  i.mb  be  considered  for  tho  cost  cffecti/ci'crs  rating  reoro. 

« 

6*1.1  Pi  £f  canon  to  _«  1  pp’y  -a  Loc,,tio.\  “oenvacy 

Tho  fccum  ty  of  i'}.\  using  hyp vrbsJin  radio  navigation  a^ntnsen, 
including  Differential  O.-gs*,  it  a  Au-cU-n  of  t!tn  cccvvny/  in  tho 
rooarro:.  ;ut  of  U-j  hypmbolic  jinn*  of  puviKwii  (Iflf)  and  tin  evftna't'g  orgies. 
The  accwwy  of  the  fa  Waa«  onUal  C  ,gn  it.  ■ -v.d  by  rtymvo 

t 

eo*-taid  rit* a.i  n\d  n  *  V.*  n!  t>  '  i  r  i  ;  «u  veil  as 

oc.vtroa' Jy  i*  v.j^b  ut  }V.,  VbV-  f  1  f  =  ■  run  V  i  1  |r  Ifl? 


for  day  t it i ul  night  tu'..o  coverage . 

For  cocparutive  purposes,  cca-/ national  Os-oga  errors  are  also  shown 
in  the  table. 


DIFFSilEKTl AT.  OKflGA  AffD  OKSQA 
TAi BLB  6  l _ Ug%  ;OF4 OSmOil  ACGl iRACIKS  (l;-‘  ) 


DAY  • 

Differential  Oaega  0.25  n.m. 
0;r.ega  1  n.n. 


NIGKf 
0,5  n.m, 
2  n.w,  . 


In  the  lie1.!  York  Bight  area,  the  crossing  angles  of  Ccoga  are  on  the  order 

l 

of  64.5  degrees  with  wlnir  variations  (acproxir.ately  +  1°)  at  ranges  from  0 
to  100  iVon  Arbi  ore  .Light.  The  95#  probability  fix  can  be  computed 

i 

dirtetly  from  c..puiblon  A7  of  Appendix  A  assuming  that  the  J.OO  errors  ore 

correlated  by  n  factor,  fy?  =  1/2.  Table  6*2  siucrariscn  the  95#  probability 
circular  error  for  both  C’-o  Differential  Onega  end  cor./etitiounl  CiMgn  cystoua 
using  the  abovo  data  cad  Vs  applicable  for  both  the  10  n.u.  and  100  n.M. 

i 

ranges. 


fry, 

.69  n.n. 


|U\ht 
1*39  n.M. 


WhLK  6.-2 _ D.;>;  01  APIA  Afl)  0,";:\  95#  RADI  AT.  ERROR 

Diffe  aintinl  Or  .  ja 

Oxngi  2.77  n.n.  5.55  n.«u 

Tho  eUcal-r  error  pro’hiHtios  for  3/4,  l/?.,  I,  and  5  n.n.  location 
aeuviiTuY.  j  for  Aha  spvJiMed  1  •  101*  errors  were  enleulntad  in  accordance 
with  the  j-.-i.'  /  'i'j  oulHnod  in  appendix  A1  and  A2.  A  sundry  of  results 


mo  nlv.m  !»t  Tibia  6**3, 


T/‘H'.'K  6-3  PROn.Vjrt.lTV  OF  YWM,  LOOATJOi  ERROR 

U3IKG 


Maximum 

Radial 

Wfferantial 

0;'.e^n 

0; 

MKrrgr 

P;-:/ 

Hiiiiit 

!>,/ 

Nirrlit 

0.25  n.n*. 

1,0% 

13.4/ 

3.7/ 

1.1/ 

0.5  n.M. 

81/ 

40/ 

13.4/ 

3.7/ 

1.0  n.w. 

99/ 

*81/ 

40/ 

40/ 

5.0  n.ii*. 

ICO/ 

100/ 

99.9/ 

90/ 

6.1.2  LOR/ 

The 

!iL  c Lpo  WMi 

aecv.vr.cy  of  Lore: 

!;RAGY 

!'•  C  1r- carbolic 
*»  •• 

lines  of  con. 

•  f  }•  {  j  1 

is  typically  ca  the  order  of  0.1  vrsoeoad  uui'X'  j  «V.ylJ;;hl  fcoir.r.  in  1’vU 
svcn  •ri.th  r.y-or.'lr-.L'y  s  carve  elic:::.  covrrajo  in t!;o 

error  to  0.17  microseconds. .  In  the  Now  Yorl:  Bljjht 

aioa,  tha  tf.'jsl  usable  I.ovau  C  chi  In  (dlue-Geco/i)  ;«vo  Dana  Air  Force  Iliso 
am!  Mnnttttjfcet  (Sl.v/03)  and  Capa  Fear,  Worth  Carolina  ( Writer  0tatJ.cn).  At 
a  100  n.w.  circle  fro:;  Ambrose  M^ht,  tho  ei'tmJng  ntr;lcr;  eve  reasonably 
constant  at  r.ppic»”i;.*itjly  80  decrees.  To  il. ter r< Urn  tho  ycboo!  location  accuracy 
in  nautical  wiles,  the  IO?  ti^o  difference  1  .  *  errors  t*  1st  bo  converted  to 
distance  error  in  nautical  riles  nt  tho  ve- location.  Trblu  (>~4  present;? 
a  euiw»ry  os*  tho  co%p*:tAticril  result  •  lr.  dnt-.w-.tntn*  tho  95/  circular 
probably  error  as  n  Amebian  of  a'^ulu*  pi  It  ion  -:t  tho  .100  n,v.  circle  a«r.«‘d.jg 
K)QjOi  t OP  difference  errors  of  0,1/  •  rrc  a  ce»vrclnt<an  of  }/2. 

tho  redial  accuracy  for  93/*  prr.h  i  iUly  vn  t  detc tend  an  In 

Appendix  A-2, 


*  m 

o  3 


TAG!, 15  6-4  LORAN  C  95/'  HADXATj  ERROR  FOR  DAYTIME  OPERATION 
_ _ _ AT  IOO  n.n.  RANGE _ 


Crossing 

Croon  Lino 

Spacing  in 
. )  n./i...  . 

Blur?  Lino 
SpacJ ng 
in  n.n. 

LOP  1<T  Error  in  N.M. 
for  O.l/*-  see. 
Green  31.ua 

95?  Radial 
F,vror  in  n.m 

89 

18.8 

7 

.0183 

.0035 

.039 

77 

18 

16.7 

.018 

.0034 

.039 

68.5 

18 

16.7 

,  .018 

.0034 

.04 

65.5 

17.7 

15.7 

.0177 

.0079 

.04 

63.5 

17.5 

15.7 

.0175 

.0079 

.040 

6* 

-  ~r 

16.2 

36 

.0162 

.0008 

.040 

65 

15.8 

16 

.0158 

.008 

.039 

65.5 

15.1 

16 

.0152 

.008 

.034 

Wight -time 

accuracy  at  100 

n.n.  car. 

bo  dotormined  by 

multiplying  tho 

95?  Radiol 

Error  figures  given  in  Table  6-4  by  tho  ratio  (0.17) 

-  1.7: 

At  tho  10  n.m.  circular  ran^o  fro, a  Anbroso  bight#  tho  95?  radial  error  is 
0.035  n.n.  for  daylight  operation  ond  0.06  n.n,  for  night- time  coverage 
at  rny  point  along  tho  10  n.n.  circle.  It  in  apparent  that  tho  probable 
boron  C  orroro  nro  lean  than  0.25  n.ra.  300?  of  tho  time. 


6.1,3  WM.  a .  tcoatio?1 

Liao  -of-Pooitiwi  ftccuroeieu  fw  Lsi-aa  A  t  in  general,  c,u  order 
of  magnitude  wor.se  than  Lora  a  C.  For  daytime  coverage,  the  1-’*IjOP  time 
difference  error  is  fepprvziw.atc.1y  l/»  sec  end  for  night  t:u:i  covert 30  way 
increase  on  additional  microsecond.  The  ere  suing  a^gle  of  Tor  an  A  in  the 

K.Y.  Bight  in  somewhat  worse  than  Javan  0  varying  between  30  to  70  degress 

* 

depending  on  the  vessel  location  within  the  1 00  n.w,  range  from  Ambrose  Light. 
Table  6-5  euriiwari 5-/03  the  95>  probability  value  of  mUnl  error  fox*  the  above 
Iff  LOP  time  difference  errors  for  both  10  n.u,  cvl  .100  n.i.\  range  cl  voice 
from  Ambrose  at  selected  angular  locations  along  the  circles. 


TABLE  6-5  I0RAH-A  9555  RADIAL  gttOH  FOR  D.VfJ’l"S  ?’««)  HECnTCIMS  OPKIUTIOSI 

at  10  m  100  if, y>.  iwwss 


_ 10  &  x±.MM  c/Fltti 

Crer  amg 


100  11,  M.  p.A!:«'!>;  circle 


A . .  *  , 

w;  vtC.CJ.;- 


True 

Angle 

_ Radial 

Error  in  nm 

Angle 

_ Redial 

Error  In  r 

BoeringC 

Peg roes) 

jbotiru _ 

imMrnZ.. 

....  JU:?:.  '*£&3)._ 

.  Pay  Time _ 

jibrjit  jmi 

75° 

32 

0c36 

0.72 

23.5 

0.45 

o.so 

90° 

32 

0.33 

0.66 

28 

0.39 

0.73 

105° 

40 

0.31 

0.62 

-  34 

0.34 

0.63 

120° 

44 

0.29 

0.58 

40.5 

0.33 

0.66 

135° 

48.3 

0.28 

0.56 

49 

0.32 

0.64 

150° 

52.5 

0.27 

0.54 

56.2 

0.33 

0.66 

165® 

58 

0.26 

0.52 

6? 

0.35 

0.70 

180° 

62 

0.25 

0.50 

- 

0.70 

For  3/4,  3/2,  1  cud  5  n»  vessel  locating  noctnv.o ten,  the  percent  prcbbllitioa 
of  fix  for  tho  assumed  hf  10P  errors  fer  Inrun •  A  were  calculated  in  a  usnnor 
aiallarly  weed  fox*  Omega.  A  nimrr.vy  of  the  results  la  presented  in  Table  6-6. 


6-5 


•  ■  .,'  *s*‘  •:  '.'  -»  . '.-'  ^’A- 


WDltf  6-6 _ 

tTvQ3/.i.imY  or  vbsss:.  jocavio:: 

F.py.OR  UST”G  LO.0.’ 

Maximum 
Radial 
i  Error . 

Day  Time 

Operation 

Wight  Time 
Operation _ 

0,25  n.m. 

692 

522 

0.50  n.m. 

99.92 

902 

1.0  n.m. 

1002  . 

99.955 

5.0  n.m. 

100J5 

1002 

^Applicable  for  both  10  n.m.  end  100  nnn.  ranges . 
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SJIOilS  MS7JJ  MS  ICCATIO”  ACCUMCX 


Tho  accuracy  of  fix  using  two  shore  based  Radio  Dir  cotton  Finder 
) 

station:*  depends  on  tho  lingo  fro:a  tho  shore  stations  to  the  vessel,  the 


geometric  location  of  tho jlDF  stations  and  tho  accuracy  to  which  each  RDF 
‘station  can  rue sura  tearing,  Tho  bearing  accuracy  of  a  calibrated  RDF 

I 

instrument  after  suitable  correction;*  generally  dooa  not  exceed  +  1°  with 

» 

corrcc  tiono.  j-  Additional  errors  arise,  however, 

due  to  phaso  interference  offcctn,  polarisation  orror3,  lateral  deviation  due 

4 

to  ionospheric  layer  tilt,  and  alt«  iwcsularities.  In  modarn  RDF  systems, 
total  bearing  orror  generally  does  not  exceed  2°  and  thoreforo  tho  1  standard 
deviation  in  bearing  nay  bo  assured  to  bo  e;;  the  order  of  1°. 

Using  tho  approach  outlined  in  Appor.dix  A-l  and  the  results  tabulated 
in  Tablo  A-l,  voiool  location  accuracy  at  10  milo  and  100  rile  ranged  were 
oopprir.l  at  15°  increments  along  the  range  circles  (0°  corresponds  to  the  true 
N  -S  lino  fru:?  A>W«vio  light)  aacusdng  on?  RDF  station  located  at  Fire  Island 
CQ  Station,  I-.T.  and  tV-o*  other  at  Bulm-a  CO  Station  in  Row  Jersey.  A  straatry 
of  the  radial  error  Jn  nautical  riles  is  givan  in  Table  6-7* 


6>4 


TA1.W.K  6-7  95;:'  I’RO.”  Mri.T't'V  ’M.iJYAT.  j:;r<;:rv{  .*0}?  !-i,y  I,0.5.\n0:; 

mwws'i 


True 

Rtd’f.J  Error 

RndJpl  JVi 

Sfesv?11.?. 

30  n.v'. 

J00_.r  .;r 

90° 

4.4 

34.5 

!  105° 

2.4 

32.8 

120° 

2,3 

13.2 

135° 

1.7 

14.1 

150° 

1.6 

13.7 

165° 

1.7 

12.8 

rfai;l.o  6  a  rryfvnt'j  fch*i  porcont  praVtVi  I  ’.t.v.-:',  fc-i*  l/ /» ,  l/2,  I  Mi.d  5  n.», 
(rnaiwUI  nr»\>rH  nt.  l.hn  it)  mwl  MM)  n.n.  Mi.f.vn, 

14£&jyL  ? &„  $)Z 


Maxi  *a*a 

Radial 

tent... 

0.25  n.'v. 

0.5  n.». 

1  n.o. 

5  o.*. 


J»  Probability 
For  30  n.n.  !Vu»"»« 


S  Probability 
For_l90  rs.w,.  Rwgji 


U.5  * 1  r*  ‘ 

Wo  accvmey  of  f!U  a  ;  Ko*vs  He*  4  r  nH  v-m nsl  litefio 

l*  t  (Vrwittoo  of  ?.,d  “i!.h  b--n  jn'r'  *h  5  ’ ’  !  U  {•?»** 

i 

l.'itiinC  ««.ra»cj*  ?i.  Vr *'n  *  *•  ’  '*  *•’  '  r*r  1/7,  ».-  ♦«,'  ■*  »i‘ -.th 

toM*  vlllh,  I n  *.»--«  ivt  v  »v;  1  iv;U'  -  -i  -.-u  ""t 


+  *# 


4  ‘ 


•» 


aperture.  "or  l.u  X-ksiiJ  radar,  tho  rr.dicith  loan  width  varies  from  3° 
for  n  radar  antoprva  to  5°  for  nn  ).3"  entenna,  For  this  study,  an 
ay.ii.iulh  bc:<»n  width  of  3°  is  assumed  eo  that  tha  1C  bearing  accuracy  is 
under  1  degree.  Rung*  accuracy,  assuming  a  pulse  duration  of  2,"-  boo., 
is  on  the  o?\!or  of  1,000  foot.  It-'  ,  With  these  bearing  am)  range 
accuracies,  vessel  location  accuracy  i3  dotcreinad  following  the  approach 

t 

outlined  in  Append* x  A-3.  It  is  da.oi.ncd  the  shore  bused  radar  ia  located 
at  Afct'i-ose  light  at  an  assumed  nr.tonr.fi  height  of  100  foot  and  tho  vessel 
beacon  height  is  25  feat.  For  those  conditions,  tho  n-oriuuu  operating 
rnngo  is  approximately  18  n.».  Long  range  sut-voillrr;.?.*  of  draping  von- 

I 

cals  is  not  feasible,  oven  foi*  a  radar  atop  the  tall  l.'arld  Trade  Center 
(l,225  ft.)|  the  tnxlaut:  range  ia  only  about  42  ii.m. 


Tho  ''}%  r  re ; -ability  Podia!  error  for  a  10  n.n,  range  frua  Ambroto 
light  is  computed  to  be  0.4  n.p. 

Ta’olo  6-9  shwwa  U»a  percent  probability  conospoodlrg  to  l/4, 

1/2,  1  or;l  5  n.n.  p-axiviutt  rad* Hi  errors  ut  10  a.n-  and  100  n.n.  ranges. 


ww&a _ 

:»m  cy  y%$$rx,  iocatio) 

•  iksbc  m*a 

Kftxlain 

%  Prob<t trill  ty  for 

Jt  Probability  for 

; 

lQ9Ah»,J£\WL~. 

1/4  n.n. 

62.5 

0 

1/2  n.n. 

98.7 

0 

1  Q.w,  *  , 

100 

a 

$  n.n. 

too 

0 

■ 

6.2  pRO.vdinji*  or  mw  fiKnicnoa 


Tochnt(|uca  fee  tho  ©carntnee  of  a  da*p  for  tha  elected 

1X43  candidate©  »m  ?.©  follows* 

I 

©  IV*  ft  SOOSl.03  Unit 
•»  dnit  ‘ 

0  f teor/Aalvc  F:-nso,-* 


63 


to  vuJtvl  draft  asi  i  jua  rcii  by  pro  -act  prce-oure  switches.  tt.ah  p.\  o-c 
Saitoh  I’vjf'  Lj  eoitxch.d  direct Ty  to  the  digital  recorder  to  io-ovido  a 
jprJLuv  'Aii*  cn  ovo  chtnacl  ov  :v.y  b)  co>r.'.cctr.d  to  a  vvslu ior  bn.’-  to  provide 
a  stopped  current  for  m  rmlo^  recorder.  Tho  oven to  units  c  ir*fiuOl 

switcher;  which  u  tiTd  ba  activated  by  the  v.-ssH.  eaptnln  for  ci*ooi**X  events 
such  r.a  "du.-plr"  started*  r.ivX  *uic  pin"  co;  ;»l:\tyJn,  l3»ilo  this  iu  it  j.r»  not 
a  direct  w  :viit  of  t’;.;  vcetiw?vvs  o  '  a  dun*,  usci  in  conjunction 
with  rocsidcd  th  e  r.:vl  vessel  location,,  rr*i  then  certified  1*./  tho  captain, 
it  jaovidoo  n  re  ronr'olo  approach  to  ascertain  propr.*  dtf'pir".  B»c 

t 

actuator  switches  i»co  iloro  sr.dtcH.i  used  to  activate  solenoid.-:,  etc,,  to 

» 

start  the  Thc-iv  of  ?.*-•*;  vouM  ba  censed  in  r>y  of  v.  -.ya.  Un 

dc*>r/v;*lvo  sensors  are  grs'i;',o*>  A  m  t;-  ^v.tie  I tc* which  p>*o 

* 

S  y.  !hf  **'**'  if  */>*  • -v’  ^  v.v  o«  #w**t  /  !  </:»}.<  v, ,*!  vn*t  ftf 

vr  *  *  *  V  *  ^  **,“  i"  ••  *  *  ”  •  •  ••*••••*  r‘  •  *•  #  w  1  *  **•*••'* 

» 

diuip  devices  bo  that  tVy  s«*  »so  the  release  of  dura.  Kith  tiwi  exception  of 

» 

tho  events  unit,  rll  of  fho  above  dt.*p  sensors  right  roqujw  cwhsi  Insinua¬ 
tions  on  tho  dvnp  vessels, 

Mks  lfoYty  and  correspond lug  faiJrto  rates  wd  reli&hUitloa  fox* 
tho  various  duup  censors  etmuldowl  in  tta  stud/  ary  shown  in  tho  hollowing 
►-•‘He. 


r';r;>.JG 

SMsae 

htn? 

X*!Ui 

failure 

_ 

fci.i Ability 

34  IUhjc 

Ornft  S?ne«r 

9,525 

.CCU105 

.97W 

.99*^3 

Rvente  Unit  .1*1  t«S» 

.vnxm 

mm 

?r«trsoo 

.09*11 

l*lO,£€a 

.t'.jui 

.7.VK 

The  probability  of  dump  detection  required  for  the  performance  effective¬ 
ness  analysis  discussed  in  Section  10.2  is  based  on  the  single  sensor 
probability  of  detection  and  a  worth  factor  which  reflects  the  probability 
of  .any  one  of  the  approaches  making  a  posi  tive  dump  identification.  Thus, 
the  events  unit  switch  would  have  a  lower  worth  factor  than  the  other 
sensors  since  it  is  not,  a  positive  indication  of  dump.  In  the  subsequent 

4 

discussion,  Worth  Factors  of  0.95>  0.55j  0.30  and  0.80,  respectively,  wore 
assumed  for  the  Draft  Sensor,  the  Events  Unit,  the  Actuator  Switch  and  the 
Roor/Valve  sensor. 

The  probability  of  dump  detection  is  calculated  using  the  equation 
for  parallel  redundency.  Thus, 

(6-1)  PDIp  1  -  (l-KiW;a-K2  P2  ( 1-K3  T3-  .  .1-Ki  Pi)  ,  where 

Ki  is  the  worth  factor  associated  with  the  individual  sensor  probability 

ru  'I'-v-.i-  4  ii  x...  v....v a  •> ■:  •  r* 

VI  w>  v*  V*  m  m.  •  V  U.-1  OUIouki*  VI/iAW-.tJ.  WJ  V4.  UWUWbtiVU 

for  various  combinations  of  dump  sensors  for  both  the  6-hour  and  36-hour 
dump  missions  calculated  using  equation  (6-1). 


TABLE  6-11  PROBABILITY  OF  DUMP  DETECTION,  Ppl) 


Dome  Subsystem 

Draft  Sensor,  DR 
Events  Unit  Switch,  EU 
Actuator  Switchss,  A 
Door/Valve  Sensors,  D/V 
EU  +  DR 
EU  +  A 
EU  +  D A 
DR  4  A 
DR  +  D/V 
A  +  D/V 
EU  +  DR  +  A 
EU  +  DR  +  DA 
A  +  DR  +  DA. 

A  4  DR  +  D/V  +  EU 


Pnn  for  6  Hr.  Mission  Fpp  for  36  Hr.  Kiss!  or 


.94940 

,54997 

.79995 

.79995) 

.97723 

.90997 

.90997 

.98983 

.93933 

.95998 

.^544 

.99544  ! 

.99798 

.99909  \ 


.94642 

.54986 

.79971 

.79971 

.97218 

.90984 

.90984 

.98927 

.98927 

.95933 

.99443 

.99443 

.99735 

.99888 
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6.3 


MCCRDIi'G 


Monitoring  of  vossol  location  and  the  occurrence  of  dump  os 
previously  indicated  way  bo  performed  cither  aboard  the  vessel  using  a 
digital  printer,  punched  paper  tape  or  magnetic  tape  or  by  a  telemetry 
link  to  a  shore  processing  center  with  suitable  equipment  for  data  proces¬ 
sing,  assimilation,  and  recording/ storage.  In  the  case  of  system  candidates 

# 

utilising  a  shore  based  vessel  locating  subsystem,  it  is  desirab.lo  to 
telemeter  dump  detection  signals  and  other  vessel  infoiv.iat.ion  to  the 
shore  center  for  correlation  with  the  vessel  location  Measurements  obtained 
at  shore  thereby  providing  real-time  ocean  dumping  surveillance.  System 
candidates  2,  3,  and  4  arl  examples  of  tho  real-time  monitoring  and 

surveillance  system  approach* 

i 

However,  hhid  approach  generally  involves  complex  and  costly 
equipments.  Vessel  on~boqrd  recording,  although  simpler  and  less  costly, 
is  limited  to  post  -occurrence  surveillance  and  requires  the  captain,  upon 
return  from  a  dump  missioA,  to  remove  the  recorded  data  end  either  via 

i 

courier  or  mail  send  it  to.  a  processing  center.  Determination  of  tho 
probability  of  obtaining  a  good  recording  of  data  there fore  depunds  on  the 
approach  used  for  each  candidate.  Further,  for  system  candidates  utili¬ 
sing  dump  sensors  abcird  a  towed  barga,  with  an  additional  rocorder, 
the  reliability  of  the  rocordor  must  bo  fsotoroi  in  the  probability 
figuro. 

Tho  probability  of  obtaining  a  good  recording  of  data  for  tho 
solectod  system  candidate^  is  basod  on  tho  equation 
(6-2)  PR  K  (Rj.)  (Pos) 


Whore 


B.£  is  the  reliability  of  the  duta  transmission  and 
recorder  stibsysten  during  the  dump  missions,  and 
Pos  is  the  probability  that  the  data  transmission  and 
recorder  sybsyefcoa  is  functionally  operating. 

The  reliability  estimtoo  for  the  transmission  and  rocordor 
subsystems  (By)  utilized  by  tho  system  candidates  vero  based  on  the  equip¬ 
ment  failure  rato3  and  were  computed  using  an  assumed  exponential  failure 
distribution.  Pith  the  6-hour  (10  n.m.  range)  and  36-hour  (ICO  n.M.  range) 
dump  mission  times  wore  considered. 

Tlie  probability  that  the  subsystem  is.  functionally  opo rating 
(Pos)  involves  sovoral  cons ido rations.  In  tho  case  of  a  long-range 
telemetry  linV.  from  the  vessel,  to  the  shore,  cloctr.'cal  disturbances 
caused  by  lightning  during  thunderstorms  at  times  would  rauso  tho  link  to 
bo  unroliablo.  Reliability  of  data  Unit  transmission  is  dependent  on  tbo 
timo  of  day,  vaather  conditions,  reason,  geographic  location,  and  data 
link  frequency.  In  tho  lieu  York  Kight  axnn,  the  noan  number  of  days  for 
thunderstorm  activity  is  18  (Hof.  Table  H-l  of  Bibliography).  If  it  is  assumed 
that  the  thundorstom  in  tho  vicinity  of  the  Hew  York  Bight  lasts  ovon 
for  an  8  hour  ti«o  period  during  which  ti>*m  noise  prevents  reliable  data 
transmission  to  choro,  than  Poo  -  0.98,  which  has  only  a  snail  impact. 

For  the  system  candidates  utilising  on-board  recording,  the 
probability  of  successful  monitoring  depends  cn  tho  data  being  received 

I 

by  H.Y.D.C.K,  Tr  ‘be  courier  or  tho  Post  Offifee  loses  the  recorded  data, 
■onitorirg  is  no.  er.nsidared  successful.  It  upi  be  assumed  that  lost 

i 

data  will  ooeur  no  mm  th*n  one  tire  In  1,000s  for  which  Roa  *-  0.999. 

i 

t 


0 

0 

0 


I 

.4 


In  candidato  ryat*;  vs  involving  a  telephone  link  Crci  iv.roln  rl.oi'o  stations 
to  a  central  processing  center,  the  probability  lh-.it  the  link  is*  fuac-- 
tionnlly  operating  is  estimated  to  be  at  leant  0.9919. 

Table  6-12  presents  the  on  list's  tod  values  of  the  probability  of 
transmission  end  tv  >d  l  taring  for  tha  system  candidates  using  equation  (6-2). 

TAELS  6-12  PHOMBILm  0 ¥  OJ/fAINI-O  A  00?>D  HWOKDIEG  OS 
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PnllabUlt; 

>4jT. 

Probability  pf 

PrnbuMl  lly 

of  Shear- 

•A 

Syatem 

6  Hr. 

36  Hr. 

iVniotional 

6  Hr. 

36  Hr. 

It 

CsusdvA  \te. 

Mission 

Mission 

Pp’.vitlqn ,  Pen 

K<  tsstaq 

J 

1A 

.991 

.947 

0.999 

.991 

.947 

0  . 

IB 

.991 

.947 

0.9S9 

.991 

.947 

imS\ 

1C 

.994 

.964 

0.999 

.994 

.964 

2 

.964 

.787 

0.93 

.945 

.772 

\ 

3 

.931 

.885 

0.93 

.962 

.863 

< 

-i 

4 

.982 

.889 

0,98 

.963 

.871 

% 

4 

J 

J 

4 

i 
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SXti&A  7.0 


n^JABILm  ANALYSIS 


7.1  GRIKPAJ. 

Reliability  is  an  important  consideration  in  the  evaluation  of 

0 

candidate  nyatcjia  for  the  Dui:p  Monitoring  System.  A  system  which  ray  havo 
o.<co.llcnt  performance  capability  and  rank  high  in  legal  effectiveness  io 
of  little  value  if  its  reliability  is  poor.  The  consoquance  of  low  system 

reliability  are:  • 

! 

.  High  inoidcnco  of  no  data  or  umuicful  data 

i 

.  High  Maintenance  costs 

* 

.  Require  'si: ta  for  Largo  Hirsbor  of  Spares 

.  futiMAoie  tfcuaugu  of  ulnur  shipboard  equipments  caused  during 
rowoval/roplaccMcint  of  repaired  units. 

.  Low  cyste«  svailcud  Xity  for  Ocean  Du^p  Monitoring 
.  Intomiptiens  and.Ibiays  of  Mloet  Dumping  Operations 
.  Less  than  desired  true  eontrol  over  ocean  damping  pructicos. 

Sections  7,2  end  7.3  which  follow  provides  nn  assessment  of  tho  reliability  of  the 
solocted  cm!  Mates  for  the  R%5.  Tlw  oqyipront  reliability  figuroo  obtained  in 
section  7,2  are  uerni  in  section  7.3  to  determine  the  overall  aye ten  reliability  of 
on oh  candidate  oyutc*. 

7.2  pmuiiin 

*  » 

Table  7-1  prvsants  a  listing  of  equipment#  and  corresponding  KTHM  data 
for  tho  colactcd  zja tea  canlldatas.  The  KTIS*  data  is  based  upon  tlu?  r.«ot  applicable 

and  roenni  r.vniV.bls  lr?V».v ;;.ion  derived  frow  field  data,  specification  rsquitvmwta, 

« 

co*rpuric*ia  lo  .iWlv  « j.:tj!“^nta  and  eatimtej  based  on  parts,  count.  To  obtain 
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KViY  _  n.\v\ 

% 

J 

t 

Equipment 

hTP.? 

Ji 

Loran  A  Receiver 

1900 

I.ornn  C  Receiver 

1650 

.  i  ' 

OWJj'A  Rf.CftivOi* 

2000 

Shore  Eased  Radar 

500 

Vessel  Radii*  Beacon 

1000 

Radio  Direction  Finder  (Shore  tkion d) 

3000 

'  li 

(  RDF  Transmitter 

Ship  to  Shore  Tata  Link  * 

600 

_j  • 

ir 

.  Vessel  Transmitter 

630 

J 

.  Shore  Receiver 

1000 

1; 

Sergo  to  Tcuing  Vessel  Pita  Link 

J  ‘ 

.  •  4  i.'h>'iau  x.  t  uoi* 

r ;  f 

.  Receiver 

5600 

ill 

l 

Digital  Tnpo  Printer  ! 

1000 

ji 

Events  Unit  1 

10,000 

•  l 

Draft  Sensor  j 

9500 

Dump  Actuator  Sensor 

100,000 

■  f 

J! 

Val vc/Door  Sensor  \ 

Antenna  Coupler 

100,000 

17,700 

|f 

Computer 

2000 

J  : 

PPI  Display 

750 

t  * 

i 

Camera  System  * 

500 

♦  1 

* 

l/O  Multiplexer 

5000 

•>  ?  \ 

Lina  Printer  ’ 

1500 

i  * 

j. 

j  IKrgo  Recorder 

1 

> 

2160 

i . 

i 

1 

t 

. 

I 


7-2 


meaningful  data  and  to  place  all  equipments  on  the  same  relative  basis,  experts 
within  SSI*!'.)  were  consulted  in  their  specialties  arid  the  information  obtained  was 
consolidated  and  noriraliued  by  a  rolalbility  technical  specialist.  In  this 
regard,  tho  equipments  and  components  considered  for  the  IMS  candidates  will  not 
be  subjected  to  the  stringent  reliability  assurance  programs  typical  of  government 
defense  system  equipments  and  it  my  be  anticipated  that  commercial  equipments  and 
components  contemplated  for  the  J3MS  will  have  someuliat  lower  MfBP  values.  This  . 
aspect  was  taken  into  consideration  in  the  MTJJV. figures  shown  in  Table  7-1. 


Table  7-2  presents  a  suun-ary  o.C  overall  KiW  figures  for  the  selected 
DMS  candidates.  Table  7-3  surainurijtca  reliability  estimates  for  the  system 
candidates  for  both  the  6  and  36  hour  dump  missions.  The  overall  MTBE  .figures 
taken  into  account  the  parallel  redundancy  of  dump  sensors.  In  this  cure,  the 
actuation  and  door/valvo  switches  as  wall  as  the  draft  status  are  considered  in 
parallel;  the  events  unit  is  assumed  to  be  in  aerial  with  other  equipments.  An 
equivalent  approximate  failure  rate  for  the  patallel  equipments  was  derived  which 
was  then  added  to  the  other  equipment  failure  rate  values  wore  used  in  con junction 
with  equation  (7-1)  to  derive  the  reliability  of  the  system  candidates. 


TABLE  7-2  MTW  FOR  S'3T,KCTE0  C'uIDl  BATES 


System  Candidate 
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TABLE  7- 

3.  RELIABILITY.  OP.. 

y/STKH  CAKPIDATBS 

System  Cand  i  date 

^6  Hoi  lr  Mission 

Rolls  bllity.-Watipffl^e 

26_Hq.ii 

Mission 

.  Self  Propelled 

Towed  Bar i/o  Veasel 

Towed  Parse 

Self  Hoped  led 
Vessel 

1A  Differential  Oi  ega  with 

on-board  D.w.p  Sensors,  Events 
Unit,  and  Digital  Printer 

.986 

.989 

.918 

.933 

IB  Loran  C  with  on- board  Duu:p 
Sensors,  Events  Unit  and 
Digital  Printer. 

.984 

.986 

.907 

•923 

IB'  Sane  us  IB  but,  Loran  A  l 

.985 

.987 

.908 

.923 

1C  Loran  A  with  on-board 

Digital  Printer  and  Events 
Unit 

.987 

.987 

.924 

.924 

2  Shore  Baaed  Radar  with 
on-board  radar  beacon,  and 
di»np  sensors 

•951 

.955 

.745 

.758  1 

nn^  17  l*V»%  r»  I1.*  f  j  A>|»» 

with  on  -beard  transmitter 
and  duj’.p  srn3ora 

.954 

.957 

.755 

•  1  V>V  ! 

f 

i 

4  Differential  Omega  with  on- 

.963 

.965 

.796 

.809  ] 

board  diutp  sensors  and 
Data  Link 


s:sctj;o;j  c.o 


MAisrA.:.:/jiif,iTY  /:•*/>  smwrf  mix?.xs 


8.1  HAT  .IfKItKCd  i  ;i  .LOiCP.'  !Y 

Lifo  cycle  support  costs  of  c  system  is  often  a  flififi5f.ic.nst  j  ovccnl/go 

of  the  systow  procurer, er.t  co-*tc.  A  My::lo:i  that  5  3  both  quickly  anil  easily 

• 

maintainable  requires  fvx*r  rurrliours  of  less  cklllod  labor,  at  lower  training 
coots,  to  keep  it  operating  throughout  its  lifo  cycle.  loint-tcrbility, 
therefore,  is  tin  ir port:  it  factor  in  plvin* uj  the  acquisition  of  c  r:ov  synlca 
or  equipment.  One  of  tiia  primary  objectives  in  t:.\y  acquisition  pirogrrm  is  to 
generate  a  mintonanco  yhiloaopby  .which  gives  j of  rchiovi'.g  an  optivim 
balance  between  logic  lie  support  couple/.  I  ty  r.cA  potenti.nl  life  cycle  costs.  T'r  s::o 
factors  aro  inliitatoly  /  >  bded  lo  the  t-yslc.'  equip avals  conpl.iivlty,  Ihy  cp  •intior.al 

**  ?  ■•*+•+*.  4-  «*  H»a  -'ti  •  *'  **••»  »*.».**,.«  tv*,,  ^  v*  f  •  ••  »«*.% 

*  L  ■»*•*•*•  '  «  '  *  -  "•  -  *  *  '  •  t  *  '  *  *  *  '  *  * . '*•**  ••  *  %’■  ‘  ••  *  •*•»■  +  ‘  * . .  ‘  J 

mintonanco  training,  facilities,  test  equip. onts  end  equipment  up-res).  It  is 

apparent  that  genarutio »  of  a  mlntuunce  concept  for  a  mw  ays  ten  requires 

1 

fUndar.0nt.1l  tradeoff  decisions  regarding  cqalpxont  design  requircr.v.vts,  logistic 

criteria,  and  cost  factors.  Tho  eqn*  <-,*.•  ml  d.^ign  require1 ’.cuts  include  Vro  following 

l 

considerations:  • 

* 

.  Utilise  tier,  of  autor.it  l  o  ronitoitng  end  fault  Isolation  an  an 
integral  feature  of  tip:  system  design  to  radc.eo  fault  •location 
ti»o. 


.  Utlllaatlcn  of  a  nrdnlii  repine. w-snt  concept  of  tv?.t at *'.01000  to  reduce 
skill  level  require  >n£«,  ond/er  to  rj4*«i  d>vf)ti«o. 

I 

.  4lt(j*aUvi‘,  of  a  uon-'t*  l:ttaiur»bl«i  repair  policy  for  rcplMwr.nt  nodule* 
to  reduo,*  Iftto't'yvrHol'i  n.:;d  depot  ropnirs* 


.  I 

r 


.  Application  of  functional  redundancy  to  allow  on-line  cnintenonco 
of  critical  or  high  failure  rate  couponeuts  to  mini.;atr.o  cya ton 
down-time  for  corrective  maintenance. 

Adoption  of  any  of  tho  above  approaches  cunt  bo  carefully  evaluated 
since  potential  detrimental  side  effects  on  various  system  effectiveness 
parameters  and  logistic  factors  oui’ld  easily  roealt.  For  example,  the  use  of  built-in 

9 

automatic  test  equip. a?:tb  way  iwpoao  i»re  reliability  .vil  Maintainability  problems 
than  it  colvos  if  it  is  not  properly  designed  pr  is  overly  complex. 

In  considering  a  kslntcnance  concept  for  the  !’*•#,  several  significant 
factors  related  to  present  ocean  dumping  operations  and  liter, p  vessel  personnel 
should  be  highlighted. 

.  The  nurfc«r  of  crew  members  aboard  the  du.*ip  vesanl  are  generally 
loss  then  nix  mvl  their  technical  training  or  skill  levels  are 

minimi. 

.  The  dump  vessels  are  typically  snail  by  comparison  with  U.S.  Naval 
sliips  ard  virtually  have  no  onboard  tost  and  repair  facilities. 

.  Dunp  Missions  are  generally  les3  than  one  or  two  days 

in  duration  with  a  non -operative  tlm  period  at  dockside  for  loading 
of  *msto  Material. 

,  The  K8  equipments  would  bo  owned  so. * iced  by  the  District 

Corps  of  Sngi users.  * 

.  The  distances  fron  tho  8.T.  District  Corps  of  Engineer#  offices  in  lower 
Manhattan  to  losli^g  piers  end  dosHs  |s  typically  less  than  50  nllos 
thereby  HlnluUing  problem  of  logistics- 

i 

.  The  fl?*3  should  net  require  nnjor  participation  by  the  drstp  vessel 

4 

eruw  or  Intervene  in  any  voy  with  thulr  nnnwil  erratic;**!  duties. 


.  The  equip  -'Jit.  a  to  bo  coriaitic.'O-’.  for  ti-.-;  I'-’i  xi\s  i’cqoJr*.!  to  bo  hai-Lctlly 


of f-ihs-t*.  jlf  vieh  mi'n.iv.l  do.vlj'/i  eh'.uj'O!!  o.*  v-odiflcutlom*. 

On  the  bosir  of  the  ate  >*o  corislfUrnlione,  the  following  »».ii*if.c:ut  .co  concept  fox*  the 
1)143  waa  established. 

1.  The  DM5  will  not  have  ontonsiv.  perfoVM  tr.co  /.n»i  boring  or  fault 

isolation  fnat*u*o.i.  Vfhoro  feasible,  the  c \ •  *  :h;»ll  i  ueorj  o'T.ts 

wanting  l';Hs  to  signify  gvt>:«  ml  function  ?  c.**l  r.qeij  *ut  fniltrya. 

?..  Oiv-board  :  •  xintonaneo  or  car  vice  of  ti*-.*  h*4$  equip.. jula  by  the  du-\p  vow»el 
crow  wool:*  r<ot  bo  permitted  except  for  the  feasible  x‘»;pl-  :  ::  of 

electrical  fusoe  and  raflc.eislr.xcnt  of  thy  prlntos’/'cottd.u*  pxp,r  tep&a, 

3.  Intax  cedi. ■•to  levels  of  servicing  md  ivtl etoaxac-.  of  the  )•”») 
equip: cm  to  shall  bo  f<rf«ix*Jud  docks  Mo  by  :».  district  Co<  ;-n  of 
Kngiueora  representative  either  xipan  notifWiiion  of  tutl  function/ 
failure  by  tho  duap  v«:teol  captain,  or  in  accordance  uith  a  uch-ilclod 


Kaintenarco  progrua. 

4-  Tha  DKS  shall  euploy  a  unit  roplaccKcnt  IhvcI  tKxlntonaitca  concept  at 
dockside.  Upon  telepise*»  notification  of  a  unit  failure  or  tsalfxyvstlen, 
a  HTCCK  cirvlco  reproaentntiva  shall  x*opl^.jc  tha  ».l  functioning  unit 


vith  a  arsro  and  ftakn  neces nary  adjxtut^nta  to  assure  proper  operation 
of  tho  new  xuxit. 


5,  Faulty  osT  s^tfinctioning  x»eits  rx-t^tfgd  ftva  Iho  du^p  by  the 

dtfDCR  g.x.  <Ua  r«jv>*r«atftttve  rh*U  t*a  r;p;lrtl  githar  at  *»  ivpsti* 
depot  or  ni  the  ;ant  vn*  j>h;*l  sod  »  \Unv  *d  upan 


rafrir  t-c  slock  invents/. 

» 

Tho  ftbxrtp  H*x»ni*?n^R<;o  ‘«5 will  provide  a  V^*i  . 

Wsialfd  v*ill»  a  a»ai  J*?s  Hfe  eysln  fe*gt’„ 


ibs  K’S 
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MEAN  COaTOSCTiVB  MAINTENANCE  TIMIi  (Met) 

The  moan  corrective  maintenance  time  is  defined  in  this  report 
as  the  average  time  beginning  with  the  observation  of  an  equipment  malfunc¬ 
tion  by  the  serviceman  and  ending  when  the  equipment  (either  replaced  with 
a  spare  or  repaired)  is  restored  tc  a  norma),  operating  condition.  The  time 
includes  the  average  time  to  identify  and  remove  the  faulty  equipment 
from  the  vessel  and  replace  it  with  a  spare  unit  and  to  checkout  the  system, 
logistics  and  administrative  time  for  transporting  the  spare  unit  or  modulo 
from  a  storage  depot  is  also  included.  The  Mcg  for  the  system  is  computed 


using  the  equation  •  'i 

(8-D 


where  Met  is  the  average  corrective 
maintenance  time  for  each  unit,  and 
f  is  its  failure  rate  for  each  unit 


Estimated  values  of  Mcg  assuming  off-line  unit  replacement  maintenance  is 

based  on  an  assumed  lcgisiics/adninistrative  time  of  1  hour;  estimated 

I. 

average  time  for  removal  of  the  faulty  unit,  replacement  with  a  spare  unit 
and  system  checkout  varies  from  0.2  to  1.0  hours,  A  summary  of  the  moan 
corrective  maintenance  time  for  the  selected  system  candidates  -is  presented 
in  Table  8-1.  The  operational  availability  of  each  system  candidate  can  bo 
computed  from  the  equation  (8-2). 

(8-2)  Ao  —  . . "■  ■  where  MTBF  is  the  overall  Hvnt.on) 


MTBF  +  M 


where  MTBF  is  the  overall  system 
mean  time  between  failure 
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TABLE  8-1  %  FOR  SfcLSCWSD  SYSTEM  CA.'Jpm'TSS 


System  Candidate 

1A 

IB 

IB' 

1C 

2 

3 

4 


Met 


3.5 

2.5 
2.1 
2.0 

3.7 
2.1 

3.8 


8.3  MSAH  TIME  TO  REPAIR  (HTTP.) 

The  Mean  Time  to  Repair  (MTTR)  is  the  moan  corrective  maintenance 
time  (Mct)  plus  the  average  tirse  to  isolate  the  fault  to  a  replaceable 


I  nnpv.iVT^y  r«-f  4"V*  p»  T'1.*?  1 


•tV'^  1  /'rif*  -t-VwN  1  fv I  •  f  '■<  V»*  * 

■  ‘5.^v  ^  —  v.  v*r..  u.w^j.u  wj.vih*  -v  -  •  . . 


time  (for  transportation) ;  The  MTTR  is  a  measure  of  system  complexity 
and  is  utilized  in  the  overall  score  rating  criteria  presented  in  Section  10. 
Table  8-2  summarizes  the  estimated  MTTR  for  the  system  candidates  based  on 
available  MTTR  figures  for  similar  types  of  equipments  compiled  by  the 
U.  S.  Naval  Applied  Science  Laboratory. 

TABLE  8-2  MTTR  FOR  SELECTED  CANDIDATES 

HCTR,  Hrs. 

2.5  to  4 
2  to  2.5 
2  to  2.5 

1; 5  to  2 

’i, 

2.5  to  4 
»  . 

2  to  2.5 


4 
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SECTION  9.0 
COMPARATIVE  COSTS 


9.1  DEFINITION  OF  THE  TOTAL  COST  OF  OWNERSHIP  ELEMENTS 

The  Total  Cost  of  Ownership  (TCO)  i3  comprised  of  the  following 
cost  elements. 

•  Acquisition  costs  for  the  DMS  equipments, 

•  Spares  Costs  for  Equipments  and  Replacement  Modules 

•  Ship  and  Shore  Based  Stations  Installation  Costs 

•  Maintenance!  Co3ts 
«  Operational »Cost3 

i 

The  acquisition  costs  include  both  vessel  on-board  equipments  and  shore 

i 

based  equipments  acquisition  costs.  Systems  engineering  and  design  costs 
as  well  as  start-up  costs  are  included  in  tho  acquisition  cost  of  the 
systems.  Cost  of  spares  f|or  equipments  and  replaceable  modules  are  based 
on  equipment  unit  acquisition  cost.  The  number  of  unit  spares  required 

i 

for  a  system  candidate  is  based  on  the  number  of  units  required  for  dock- 
side  maintenance  as  well  as  tho  number  of  units  in  tho  pipeline  for  repair 
at  the  depot/maintenance  facility. 

Installation  costs  for  both  the  ship  and  shore  based  facilities 
include  tho  costs  required  for  the  preparation  cf  an  installation  speci¬ 
fication,  detail  installation  drawings,  checkout  of  installation  prepara- 

t 

tion,  installation  of  equipment  and  system  checkout.  The  cost  associated 
with  ship  preparation,  sucli  as  providing  a  mounting  surface  on  a  dump  door 
mechanism  or  a  pipe  connection  for  the  draft  sensor  will  be  assumed  to  be 
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the  rosponaibili  by  of  the  dump  vessel  owner.  The  Kaintonance  co 
reflects  corrective  r-aintennneo,  shop  and  depot  mlntonance  and 
maintenance  coats.  The  operational  cost  i3  bared  solely  on  the 
N.Y.D.C.E.  personnel  required  to  operate  and  monitor  the  IMS. 


school’."!  ed 
number  of 


For  the  cost  effectiveness  analysis,  life  cycle  costs  for  the 
system  candidates  are  based  on  a  50  dump  vessel  BMS  buy  operating  for  a 
5  year  period  assuming  2,000  operating  hours  per  year.  The  computational 
procedure  for  estimating  the  lifo  cycle  cost  based  on  the  above  defined 
TOO  elements,  is  described  in  the  following  section.  Details  and  rationale 


used  in  developing  the  TOO  for  the  system 

I 

Section  9.3.  Charts  in  this  section  show 

1 

> 


candidates  is  presented  in 
dollars  for  a  50  vessel  DM3  buy. 


9.2  TOO  METHOD.  1 

The  method  used  In  ostimti r.g  the  TCO  is  outlined  below  and 

i ..Vi  , . p  fprio  ...n t ~  j o „  o  i 

.  “  Ci.i— L  V  1  Uil'v  J.  ^  **  W.I.Oh>V4»  w  %J  »  V  .VI  — ii  ■«  W.  /  i  T 

I 

(9-1)  TCO  ~  Acquisition  Costs  +  Spares  Cost  •!-  Installation 


Co  efts  +  Maintenance  Costs  -I-  Operational  Costs 
The  spares  cost  is  taken'  as  the  sum  of  the  equipment  spares  cost  and  the 
replaceable  module  spares  .cost.  The  equipment  spares  cost  is  based  on  the 
equipment  unit  acquisition  cost  times  the  number  of  spares  estimated  at 
20$  of  the  acquired  units  for  both  pipeline  repair  and  dockside  maintenance. 
The  replaceable  module  spares  cost  was  taken  us  10$  of  the  equipment  sparos 
cost  and  was  considered  only  for  certain  system  equipments  such  as  receivers 
and  transmitters.  Ship  installation  costs  are  based  on  the  estimated 
number  of  weeks  required 'to  prepare  installation  specifications,  prepare 
detail  drawings,  checkout  installation  preparation,  install  equipments  and 


checkout  system  for  50  vessels  Multiplied  by  applicable  personnel  weekly 


salary. 


Installation  Coot  «  X  (Ho.  of  Vooseln)  X 

(Cost) 

(Week) 


Installation  costs  for  shore  facilities  was  estimated  based  on  figures 
presented  in  references  2  and  3  of  the  bibliography.  The  Mainte¬ 
nance  Costs  for  the  system  candidate^  was  taken  as  4/'/year  of  the  initial 
acquisition  costs.  Over  a  5  year  life  cycle,  this  figure  results  in  a 
maintenance  cost  of  20/5  of  the  initial  acquisition  costs.  Field  se? vice 
costs  for  all  candidates  was  assumed  identical  and  therefore  was  not  con¬ 
sidered  for  the  TOO  analysis.  A  more  rigorous  approach  at  estimating 
maintenance  costs  would  have  utilised  the  maintenance  man  hours  per  oper¬ 
ating  hour  —I  considering  both  scheduled  and  unscheduled  maintenance. 

OH  .  u  1 

Realistic  figures  of  MHH/OII  for  the  system  candidate  equipments  wore  not 

i 

available,  however,  and  the  above  approach  was  considered  to  be  a  realistic 

estimate  of  the  maintenance  costs  for  systems  of  the  complexity  considered. 

\ 

Operational  Cost  is  estimated j on  the  basis  of  th3  number  of  personnel 
roan  years  required  to  operate  'the  DMS  for  24  hour  day  coverage  for  a  5  year 
life  cycle.  Thus, 

Operational  Cost  -  X  ^  Yrs.)  X 
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9.3  i’CO  KSffXKftVJS  KM  CAiiblDATX  SISft&S 
9.3.1  Acqui s 1. 1.3  on  Cost  for _C?nd  u’rto . 

The  acquisition  costs  for  the  candidate  systems  wore  based  on 
estimated  cost:)  for  each  equipment  compri sing  the  candl.date  system  equip¬ 
ment  suit  as  well  as  system  engineering  and  start-up  costs.  Estimated 
equipment  costs  wore  derived  from  now  quotations  obtained  from  equipment 
manufacturers,  past  quotes  on  identical  or  similar  equipments  available 
at  SSMD  and  estimates  obtained  from  Si-Mi)  personnel  knowled geablo  in  the 
equipment  area  of  concern.  Table  9-1  sua fieri ze«  the  entimted  on-board  and 
shore  facility  acquisition  costs  for  the  candidate  systems. 


TAW^_9rl  ...  „ 

ACQUISITION 

~T . ~~ 

•  M 

t 

...  costs  iPB..C4i{Dmt3 

SYSTEMS 

Can 

IjViH! 

didate  Svrd 

it; 

bam 

JL 

_3_ 

JL 

ftv,  TV. . *  « 

l.1*— u 

£63.000 

‘Any  <vvo 

CAQ  nnn 

1  rv  /  1  nnn 

—  J 

fJOl  f 

Wi,JU  y  OWW 

ijtcujwy; 

Shore  Equipments 

'  7,4,000 

— - 

- — - 

_ 815,000 

_402f0C0 

155, PCI 

Total  Acquisition  Costs 

1 

*?07,C00 

802,000 

569,000 

1,856,000 

1,223,000 

i,4i5,.ooq 

9.3.2  Spares  Cost  .Co; 

i 

c  Candidate 

Systems 

The  estimated  number  of  equipment  and  replaceable  module  spares 
for  each  candidate  system  for  a  5  year  life  cycle  was  based  on  a  figure 
of  103  of  the  system  operational  units  required  for  dockside  maintenance 
and  103  for  units  in  the  pipeline  for  rework.  The  spares  cost  was  deter¬ 
mined  from  these  estimates  and  the  results  summarized  in  the  following 


table 


TAUT.K  9-3 

SPARES  CO 

Sf  TOR  O:\CiJj; D.VOi 

SYSTEMS 

U 

Candidate  Sys te; 

. *  A L  ~ 

a 

JL 

.A. 

Module  Spares  7,000 

5,000 

4,500  100,000 

10,000 

16,000 

Unit  Spares 

107.000 

9iLooo 

6Aj.-5.QO  141,000 

140,000 

188.000 

Total  Spare 

Costs  1J.4,000 

104,000 

69,000  241,000 

150,000 

204,000 

9.3.3  Installation  Costs,  for  Candidate  Systems 

Table  9-4  summarizes  ship  and  shore  facility  installation  costs 
for  the  candidate  systems.  The  ship  installation  costs  vs re  based  on 
estimated  manpower  requirements  for  installation  of  the  JBMS  aboard  50  vessels 
assuming  an  engineering  bin-dan  of  $300/veek.  Shore  facility  installation 
costs  for  candidates  2,  3,  and  4  were  estimated  on  the  basis  of  information 
presented  in  references  2  and  3  of  the  bibliography. 


TABL59-4  1 N SfALLATX ON  COSTS 


1A 


Candidate  System 
1B/U3>  IQ  JT 


_3__ 


JL. 


Ship  Install.  Costs  104,000 '  104,000  50,000  104,000  104,000  104,000 


Shore  Install.  Coats 
Total 


}  ..... 


500.000  250,000  50.000 


104,000  1 104,000  50,000  604,000  454,000  154,000 


9.3.4 


Maintenance  Costs  for  ^Candidate  Systems 


Table  9-5  summarizes  estimate  maintenance  costs  for  the  system 

i 

candidates  based  upon  the  4^/yoar  of  the  acquisition  cost  figuro  assumed 
applicable  for  the  DMS,  excluding  start-up  costs. 

I 
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Maintenance  Cost 


TABLE  9-5 . 1 0i>  c;a]  :  i> y  uAV.c.  smfpjfi 

Panel  idato  Sy stem 

ia  in/pJ  *’lfi . 'Til*™'  _2_  ../,_ 

156,000  140,000  94,000  320.000  262,000  ?.90,000 


9.3.5  Operational  Costs  for  Candidate  Systems 

Estimated  operational  costs  based  on  the  umber  of  personnel 
required  to  operate  each  ../stem  candidate  for  a  5  your  life  cyelo  are 
summarized  in  Table  9-6 (assume  an  operating  personnel  salary  of  $15,00Q/yr.) , 


TABLE  9-6  OFERVQOulT,  COSTS  FOR  CiHiBI DATS  SZST&MS 


Candidate  Syr. torn 

3.4  1B/13.'  ic  . X  JL  jL 

Operational  Cost  75,000  75,000  75,000  225,000  435,000  225,000 

•t  Telephone 

;  Link 

* 

» 

9.4  COMPARATIVE  COST  SUMMARY 

I 

A  summary  of  the  total-  cost  of  ownership  for  tho  ays Lem  candidates 

) 

based  upon  the  results  contained  in  Section  9.3  is  givon  in  Tabic  9-7. 

r 

\ 

Candidate  system  1C  is  shevm  to-  have  tho  lowest  TC0  whereas  candidate  2 
has  the  greatest  TC0.  Tho  comparatively  largo  TC0  for  candidate  system  2 
results  from  the  high  acquisition  and  installation  costs  for  a  shore  based 
radar  station.  Thin  is  also  th$  cuso  for  system  candidate  3.  Candidates 
1A  and  IB  are  comparable  in  cost'  di f faring  essentially  in  the  utnning  costs 
of  tho  Omega  and  Loren  C  receiver;).  Tho  low  TC0  for  system  candidate  1C 
is  duo  to  tho  minimal  on-boavd  qquipr.ento  utilized  resulting  from  the 
approach  of  omitting  any  sensors  or  oqulpruntr  aboard  tho  loved  huge,  Tho 

TC0  for  candidate  IB*  is,  as  r.hi,Tn,  rppro;-d'Vatol;r  equal  to  err.dMr.to  IB. 

* 


) 
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T.AW.K  9  -7  TOT'  0  COST  OF  OMKRSHIP  FOR  CAMDTMTF,  S/STFMS 


3-A 

1E&31 

Candidate 

"ic 

System 

~JL  _3„ 

JL 

Acquisition 

907,000 

802,000 

569,000 

1,856,000  1,223,000 

1,415,000 

Spares 

114,000 

104,000 

69,000 

241,000  150,000 

204,000 

Installation 

104,000 

104,000 

50,000 

604,000  454,000 

154,000 

Maintenance 

156,000 

140,000 

94,000 

320,000  262,000 

290,000 

Operating 

-~.JL5.jCoo 

-...7L5,QOO 

.75,000 

—2.25,000  415.^)00 

-225,000 

Total  TOO  in 

1,356,000 

1,225,000 

857,000 

3,246,000  2,524,000 

2,289,000 

Dollars 
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RATIUG  CP  CAI.;ttPAVi5  Lm'S-KG 

10.1  EVALUATION  OP  K?S  CANDIDATES 

The  evaluation  of  the  selected  DMS  candidat n::  f»  c-n  the 

overall  score  ratings  developed  f  ro  1  criteria  presented  in  Section  5.0, 
This  criteria  utilities  weighted  rat. Inge  of  significant  P'S  parameters 
(sufcscoraa)  which  are  combined  to  reflect  an  ove;v.l.l  candidate  score. 

The  significant  parr:. iters  to  be  evaluated ,  with  /ar.jgn  .d  volg’iti.igs  end 
ratings  follow  discussions  of  Section  5.0;  valves  two  developed  in 
Sections  6.0,  7.0,  8.0,  and  9.0.  Vbo  following  paragraphs  present  the 
computations  and  rationale  used  in  determining  tho  overall  score  of  tho 
OKS  candidates ,  Paragraph  .10.2  era t tains  the  po-*fo«varc3  e f f r* c 1 1 vc : t» .•  s a 
of  tho  Candidate  systems  which  is  utilised  in  Section  10.3  to  derive  the 
rolativo  cost  effectiveness  of  the  DKS  candidates.  Section  10. 4  presents 
the  pertinent  factors  and  computations  leading  to  the  ostahlioiironl  of 
tho  pamujtor  subscoro3  and  the  overall  sco>*o  ratings  for  t)»;  K»S  candi¬ 
dates  mwiriacd  in  paragraph  10. 5. 


10.2  PEftPOFriAHCS  RKPSCTXVKKKSS 

Tho  performance  effectiveness  of  the  syntax  candidates  defined 

as  tho  weighted  rolativo  value  of  tho  cmH<hjto  E-$  in  accompli sluing 

tho  dofinod  plant  on  (Vjjv>)  was  doionttnad  using  the  noihxl  dlRonarcd 

in  paragraph  5.1.6  and  a<t.^tri>r.  I  hy  the  equation 

(104)  VUCJ  -  UM>  Puo  *  Vi.  *  *Va  :  'fcl’i  x  1  %**X 
'  "%7  %  1  t  'vii 


where , 


V|y..*5 


h 


weighted  relative  val.im  of  ivvfonv.oco  effect*,  venous 
n  Candida to 

probability  of  clcU  cting  the  occwnvr.ee  of  o  dwp 

probability  of  locating  verrol  to  witMn 
specified  accuracy 

probability  of  correct  recording  of  durp  Jn  Cor.  ration 

0 

probability  of  identify  1  tig  an  impifpor  dnwp 
d...  l..r.  ..  v:  .1  lati  review 


Wi>D 

Vb 

% 

V<Xl 


prolsbl 1  i ty  of  oCfcotAvu  util 5 ration  of  do t  t 

=  Dus'p  detection  tnibeyetea  worth  2. 

r  V  •:  1  location  subsystem  worth  -  4 
*  • 

ROv-OMlt!;;  JHlbcyWltC I  M-V.'lh  ■■  /, 

~  fbita  linviow  worth  -  1 

=  EffcoWvity  worth  ‘‘  1 

Keen  of  the  above  probability  to  mo  for  the  aelcctcd  ennd  Ida  to  8  was 

f 

ecttmted  frwta  applicable  data  contained  in  Sections  6.0  and  7.0, 

t 

io.  2.  l  J*m 

In  Section  6.2,  the  probability  of  detecting  the  occurrence  of 

; 

duiip  for  various  dimp  ecnaors  »nd  combinations  thereof  wore  computed  aid 

♦ 

stts&srised.  Ac  shown  in  Table  6-9.  the  du^p  detection  probability  depends 
on  the  typo  snd  tmher  of  dwsp  detection  seniors  utilised  for  tho  candidate 

l 

being  ov?»lU’ted.  tilth  th*  ejfCyptlon  of  candidate  1C,  ell  camiltbiUs 

* 

utm  so  tb?  four  »*Kstnok  s  for  sending  dw&p  detection  considered  appli~ 

cable  for  tho  t*TJ,  iv»*«\y :  draft  sans  or,  events  unitj^l,  where  ep**i  t  raids, 
d &r/ts£*3  sleWa  s~>w3»r,?.for  candidates  Li,  ih,  IB*,  2,  3,  and  i  tt^r-sfero, 

s 

i 

> 

» 
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thfi  probability  of  du.f:p  dobecll’Mi  I: » .to :1  a:i  tho  i  :.,uU::  ;;'  v  .r  '  V.-d-io  6-9 
in  ftpp»*oxii»n.Vly  0.99/3  for  both  tl.*j  6  iuxl  26  hour  dn\.y  e:L  Cam'll-- 

date  1C,  which  utili/.os  only  cn  events  unit,  hats  ft  lover  (’..Lection  pro¬ 
bability  ust' rated  to  la  0.5/»99  and  O.J/iV-'t  for  tho  6  hour  rv.J  26  hour  :hnp 
Missions,  rocisoctivoly. 


10. 2. 2  Probability  of  Vo:v.nl  1. mention  Acmirycx 

The  probability  of  lo«.r.ti:  j  tho  »!u*p  verr^l  to  within  »  spec!  ft;  d 
acctnncy  (P^)  dooonda  on  tho  uccvra  y  of  tho  voorrl  location  sv-bj/stoft 
wood,  its  reliability  during  th.  d.vp  ml  its  cy.v*  -.tlorvl  state 

thro»if.haut  the  r.lralon.  .  Thus, 

(10-2)  1'^  -  Pyjf  x  Pp  j;  Poo  when  a, 

-  pi\>Uifc!Xity  of  the  lectin;;  *;•&;;/» ten  yi siding  tho 
rpocifi.nl  accuracy 

«>  »  »>-»••  •%  •  •  a  *  .  t  i  *  «  #  t  1 

*  pZ Oiviiut,  i  4  %tj  sj  L  tff.oi  4.V*  V‘\*  W  4.  W»*»  s  Mrf-***0 

throughout  the  uisston  end 

Pos  r;  probability  of  tho  locution  subnysb.a  tsing  opomtional . 
To  clarify  tho  difference  hs tween  P^  and  Pos,  tho  first  probability 
reflects  tho  probability  of  an  equipment  failure  during  tho  uteri on 
wherwnn  tho  latter  reflects  operational  capability  of  tho  eiuif?rsnt  in 
disturbing  environ  v>nts  each  *a  weather  or  prt>;.iui  ty  to  stud  atmeturee 
and  bdldirgn.  Thus,  a  although  functioning  properly  ray  not  be 

capable  of  providing  location  throughout  the  ftisclou  due  to 

various  disturbing  tnfluancan.  As  a  flutter  eje^'pU,  a  captain  could 
often  dalti  lacit  of  ability  to  u-  t  lUmv*  C  (b  *.  n?t  tnv»n  A)  „»<d  thus 

E 

Pos  for  lornft  C  *uat  be  zt*en  a  )wr  rating. 


In  Section  6.1,  the  performance  accuracies  of  the  various 
system  candidates  were  determined.  As  part  of  this  analysis,  the 
probability  of  locating  the  vessel  to  within  0-5  n.m.  and  5  n.m. 
corresponding  to  the  short  and  long  range  dump  mission  accuracies 
specified  were  computed  for  the  selected  system  candidates.  A  summary 
of  these  results  are  presented  in  Table  10-1.  The  Pg  and  Pos  for 

4 

the  system  candidates  also  included  in  this  table  were  determined  as 
follows : 

The  probability  of  the  vessel  locating  subsystems  being  reliable 
(P^)  for  the  6  and  36  hour  dump  missions  was  determined  for  each  candi¬ 
date  based  on  the  equipment  failure  rates  presented  in  Table  7-1.  The 
operational  status  probability  was  estimated  based  on  the  weather  data 
presented  in  Appendix  D  and,  as  applicable,  on  estimates  of  approximate 
percentage  of  time  where  bridges,  strong  radio  signals  and  other  r-f 
interferences  causes  a  limitation.  The  overall  probability  of  locatirg 
dump  vessels  to  within  the  specified  accuracy  requirements  for  the 
candidate  systems  was  computed  using  equation  10-2  based  on  the  PyL, 

PR:  and  Pos  probability  figures  shown  in  Table  10-1. 


), 
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r 


TABLE  10-1 

sui-RtiCf  of  vssm.  locate 

on  ACCURACY 

PROBABib'fT 

txs  fob.  system 

CAi'h'iPVi'FS 

System 

PVL 

*  pn 

Pos 

pL 

Candidate 

A  B 

A 

B 

A  B 

A 

B 

1A 

.81  1.0 

.995 

.973 

.99  .99 

.798 

.964 

IB 

1.0  1,0 

.994 

.961 

.75  .80 

.745 

.768 

IB* 

.993  1.0 

.994 

.961 

.90  .96 

.894 

.922 

1C 

.999  1.0 

.994 

.962 

.90  .96 

.894 

.923 

2 

.987  -0- 

,  .966 

.795 

.90  ~0~ 

.856 

0- 

3 

.625  .600 

’■  .977 

.859 

.95  0.85 

.587 

.437 

4 

.81  1.0 

*  .995 

i 

i 

.973 

.95  .85 

.766 

.827 

• 

HOTE:  Gcnl  -  A  is 

i 

‘for  10  n.m 

) 

<. 

.  from  Arab?.  >se 

:  B  is  for  1G0 

n.m,  from  Ambrose. 

i 

10.2.3  Probabili 

r 

ty  of  Sacco 

ssful  Data  R5 cording 

S 

i 

| 

The  probability  of  successful  data 

transmission  and  recording 

3 

i 

for  the  system  candidates  was 

estimated  in 

Section  6.3  for 

both  the  6 

•f 

* 

? 

and  36  hour  dump  missions.  The  results  are 

summarised  in 

Table  10-2. 

TABLE  10-2 

PROBABILITY  OF  SUCCESSFUL  DATA  KSCORDIB 

J 

System  Candidate 

6  Hr.  ?1! 

2L&. 

1A 

.991 

.947 

IB 

.991 

.947 

IB' 

.991 

.947 

1C 

.994 

.964 

2 

.945 

.772 

3 

.962 

.868 

4 

.963 

.871 
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10.2.4  Probobl M tv.  .of.  Si icco ssi\vjL _Da tfi_Rsvi nw 

The  probability  of  identifying  an  improper  dump  during  a  normal 
data  review  is  assumed  to  bo  1  for  system  candidates  utilizing  a  digital 
computer  for  data  processing  and  0.995  for  system  candidates  utilizing 
manual  processing  but  using  good  data  formats.  The  rationale  for  these 
estimates  is  as  follows.  With  a  digital  computer,  properly  programmed, 
functioning  and  debugged,  ths  probability  of  incorrect  processing  would 
be  highly  unlikely  and  could  arise  perhaps  from  some  obscure  program 
routine  which  for  a  peculiar  sot  of  data  would  give  incorrect  computa¬ 
tion.  Situations  of  this  type  occur  so  infrequently  as  to  be  considered 
unlikely  and  therefore  Pqp  is  assumed  unity.  In  manual  processing, 
human  errors  at  times  do  occur  and  it  is  conceivable  that  an  ocean  dumping 
offender  would  not  bo  detected  duo  to  incorrect  reading  of  recorded  data. 

Tv.  Ti ..  . n~l  ,1  ....  •  k-  -  J.?..,..  j.  .  o  n . i.  .  .. 

J-J.CU  V/i  Q  J.  »;l  W-lO  rtd  OU  V.  VWJ.U  JUi  W  K  .'.uc<  Ciii  k/tibliuCi  VV#  V.*i  wiiv  iiioiivvl 

of  times  an  error  would  occur,  it  was  assumed  that  for  every  1,000  cases 
reviewed,  an  error  resulting  on  an  undetected  violator  would  occur  only 
five  (5)  times. 


10.2.5  Probability  of  Kffectivfty  of  Data  Utilization 

For  the  performance  effectiveness  study,  it  was  assumed  that 
system  candidates  which  utilize  captain  certification  of  recorded  data  have 
a  probability  of  effective  utilization  of  the  data, Pg,  pf  0,998.  A31 

of  the  other  candidate  systems  are  assumed  to  Ihuve  a  Pg  -  0.95. 


I 


10.2,6  P3r.forj.yme0  KfjCegtjyonotjfl  f'y<  mrcy  for  System  Cn.  ^tos 

Tho  relative  value  of  performance  effectiveness  for  each  candidate, 
as  defined  by  was  co&iputod  using  equation  (lO~l)  bused  on  the  results 
presented  in  Paragraphs  10.2.1  through  10.2. 4.  Table  .10-3  summarises  the 
results  for  the  selected  system  candidates  for  both  tho  short  range  and 
long  range  dump  missions.  -As  shown  in  the  table,  system  candidate  1B« 

(Loren  A  with  dump  sensors  and  printer)  followed  closely  by  candidate  1A 
(Omega  with  dump  sensors)  has  the  highest  relative  value  of  a  PMS  candi¬ 
date  .in  accomplishing  the  short  range  mission.  For  the  long  range  mission, 
candidate  1A  (Differential  Omega  with  On-board  Lump  Sensors)  followed 
closcdy  by  candidate  IB1  has  the  highest  Yr„n.  Candidate  2  has  a  low  V 

}  hl-lO  ig.'g 

for  the  long  range  aissidu  because  of  tho  radar  range  limitation.  Candidate 
system  4  has  lower  values*  of  V  than  candidate  IB  for  both  the  short  and 
long  1  ange  misoj.on  uiio  to  cue  vsssej.~'oo— shore  data  link  sysuo:  1  which  causes 

1 

reduced  system  reliability. 

!; 

TAELS  10-3  OF  SM  CilTlffDATEj 


VJ0S&33  “  Pc-1ativc  Value  of  Performance 


System  Candidate 

1A 
13 
IB* 

1C 
2 

3 

4 


£f f ectivone ss 


Short  Rnn^a  (.10  n'.m.J  Longjlungo  (100  n.m.) 
.929  .969 

.911  .904 

.961  .956 

.&*?  .337 

.929  .536 

.845  .764 

.905  .  .395 
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10 . 3  BSLATI VS  COST  KF YSNSSS 

The  relative  coat  effectiveness  of  the  system  candidates  was 
calculated,  using  equation  (5-3) >  for  the  two  dump  missions,  biased  on 
the  performance  effectiveness  figures  given  in  Paragraph  10.2  and  the 
total  cost  of  ownership  estimates  summarized  in  Table  9-7.  Cost  effec¬ 
tiveness  results  arc  sur&nai'i zed  in  Table  10-4. 

0 

TABLE  10-4  PFLATIVS  COST  EFFECTIVENESS  OF  SZSTFH  CARPI  DAXF.S 


System  Cn  rd  '.date 

Relative  Cost  .Effective 
XO  n .  r. .  Mission  100 

:V->eSH  R.  C.E-. 
n.m.  Mi ssi.on 

1A 

0.685 

0.715 

18 

0.7 44 

0.733 

IB' 

0.784 

0.780 

1C 

t  nor 

1  rtA  •* 

■i-mVjJ 

2 

0,236 

0.381 

3 

0.335 

0.303 

4 

0.396 

0.391 

i  in  th.e  table,  candidate  1C  has  the  highest 

relative  cost 

effectiveness  figure  for  both  the  3.0  and  100  n.rn.  dump  missions.  This 
is  duo  to  the  high  relative  performance  effectiveness  (Vpvjg)  coi.ip.led 
with  the  low  TCO  for  this  system.  Candidate  IB',  although  having  a 
somewhat  higher  value  of  Vp;jg  than  1C,  is  shown;  to  have  lower  relative 

i 

cost  effectiveness  resulting  from  the  higher  TCO  associated  with 

i 

i 

the  on-board  dump  sensors.  The  poor  ranking  of  candidates  2,  3>  and 

i 

4’ results  primarily  from  the  very  high  TCO  associated  with  acquisition  and 

i. 

installation  costs  for  shore  based  equipments  coupled  with  somewhat 
reduced  relative  povfoivnnco  effectiveness. 
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10.4 


DISCUSS! Oil  Of  BATING  BBSUJ-TS 
In  the  following  paragraphs  are  pro  sort  ted  the  results  of  the 
ratings  for  each  DKS  candidate  in  accordance  with  the  established 
rating  criteria  contained  in  Section  5.0.  Overall  score  of  the  DMS 
candidates,  based  on  the  subscorc  ratings,  is  presented  in  Paragraph  10,4.11. 
The  overall  score  provide.  -  >  Cfectivo  evaluation  Method  for  use  in  selec¬ 
ting  the  preferred  E1S. 

10,4. 1  flange  of  Covers. <:e  Subscore  (SI.) 

The  usable  range  of  \  Omega  system  is  approximately  2,000  n.m. 

In  the  differential  Omega  0 I  locating  subsystem  used  in  candidates  1A 
and  4,  the  shore  based  Omega  receiver  provides  corrections  to  the  skywave 
thereby  resulting  in  improved  accuracy,  if,  however,  the  chore  receiver 
and  the  vessel  on- hoard  receiver  ere  sopai'ntcd  by  large  di stances,  then 

t 

the  differential  Omega  accuracy  is  considerably  reduced.  Significant 

I 

degradation  occurs  beyond  a  range  of  400  to  500  n.ia.  Thus,  the  ratings 
selected  for  both  DMS  candidate?*  1A  and  4  are  1.1.  Loran  C  range  capability 
exceeds  1,000  n.m.  with  little  degradation  in  accuracy.  Thus,  the  rating 

‘  i 

for  candidate  1C  is  also  taken  as  1.1.  The  range  of  Loran  A  used  in 

f 

candidates  IB  and  IB1  is  on  the  'order  of  several  hundred  miles  depending 

on  propagation  path  and  time  of  day.  Accuracy  is  somewhat  reduced  at 

! 

long  ranges  and  from  a  comparative  evaluation  of  the  PMS  candidates,  a 

t 

rating  of  1.0  was  chosen.  The  ’hors  bused  radar  system  approach  used  in 

t 

candidate  ?.  has  limited  range  capability  duo  to  line  of-slght  considers- 
tions  and  degradation  caused  by  .yvccipJ tation.  Considering  possible 


oout' 


locations  to  provide  maximum  antenna  heights,  the  line-of --sight  range 

is  on  the  order  of  20  n.n.  from  Ambrose.  Thus,  the  range  of  coverage 

rating  for  Candida be2  was  taken  as  0,5.  With  the  RDF  vessel  iocation 

subsystem  used  in  candidate  3*  the  range  of  coverage  depends  on  the 

vessel  transmitter  power  and  -!ho  operating  frequency  used.  Assuming 

an  operating  frequency  in  the  2  to  3  KHz  band  and  reasonable  transmitting 

> 

power  (100  to  150W),  a  range 100*  n.m.  is  not  uncommon.  The  rating  for 
candidate  3  therefore  whs  estimated  to  be  0.9.  Ratings  for  Rl,  the 
range  capability  of  the  E-MS  candidates,  are  summarized  below. 


TAEL  .  J 
Candidate 

1A 

IB 

IB1 

1C 

2 

3 

4 


RA?GK  RATE KGS 

RatinK  Rl 

1.1 

1.1 

1.0 

1.0 

0.5 

0.9 

1.1 


10.4.2  legal  F.ffqctivitv  t A 


I 


The  legal  offectivioy  ratings  for  the  selected  candidates  is 

! 

subjective  and,  in  accordance  \i  th  the  criteria  sot  forth  in  Section  5.1.2, 
all  of  the  CMS  candidates  will  generally  provide  sufficient  data  which 
will  hold  up  in  court.  .Since  it  is  anticipated  somewhat  groutor  legal 
effectiveness  in  derived  with  a!  system  using  on-board  dump  sensors,  even 
though  a  .strong  court  earn  is  only  implicit  on  the  bonis  of  vossol  location, 

t 

I 
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re¬ 


recorded  events,  timing ,  and  captain  certification  of  recorded  data,  the 
rating  assessment  of  candidate  1C  wa3  sot  somewhat  less  than  the  other 
candidates.  Thus,  the  legal  effectiveness  ratings  for  the  HM3  candidates 
is  as  follows. 


TABIfi  10-6  LEGAL 

BF5ECT1VITY  RATI MGS 

Candidate 

• 

Ratine  R2 

1A 

1.0 

IB 

1.0 

1B« 

1.0 

1C 

0.8 

2 

1.0  ' 

3 

1.0 

4A 

1.0 

10.4.3  All-Weather  Capability  Subscore'  (S3) 

The  all-weather  capability  subscore  provides  an  assessment  of 
significant  weather  factors  on  the  performance  of  the  DMS  candidate. 

Candidates  JA,  IB,  IB1  and  1C  all  contain  on-board  vessel  location  (with 
very  long  time  constants),  and  on-board  recording  subsystems,  and  thus 

are  not  significantly  influenced  by  weather.  At  times,  atmospheric  distur- 

1 

bances  would  result  in  loss  of  tracking.  The  percentage  of  time  this 

i 

would  occur  is  estimated  to  bo  less  than  l£.  tylth  the  shore  bacod  radar 

approach  used  in  candidate  2,  even  modern te  precipitation  ruto3  signifi- 

i 

cantly  roduces  ranging  capability  of  both  the  fehoro  based  radar  and  radar  bonoon. 
Based  on  the  data  presented  in  Appendix  B,  it  }r>  estimated  that  significant 
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degradation  would  result  approximate  4$  of  tho  time  and  therefore  the 
rating  is  taken  as  0.8  for  candidate  2.  Candidates  3  and  4  which  utilise 
a  vessel  to  shore  data  link  are  susceptible  to  noise  caused  by  atmospheric 
disturbances  which  at  times  prevents  reliable  transmission  of  data  signals. 
However,  it  is  estimated  that  unreliable  transmission  due  to  weather 
environments  would  occur  approximately  only  2%  of  the  time,  and  thus,  for 
candidate  3  and  4  a  rating  of  1.0  was  solected.  Ratings  used  in  the  S3  - 
All-Weather  Capability-Subscore  for  the  CMS  candidates  are  summarized  in 
Table  10-3. 


TABLE  10-1  ALL-WEATHER  RATI KGS 


1 

Candidate 

Siting  « 

1A 

1.1 

IB  { 

i..i 

1 

IB*  i 

l.i 

1C  i 

l.i 

« $ 

o.s 

i 

3  J 

1.0 

4  i 

1.0 

10.4.4  Autorcntictty  Sibscore  (S4) 

The  ratings  considered  for  the  autoraticity  subocoro  is  a 
measure  of  the  degree  of  participation  by  the  vessel  captain/ crew 
required  for  proper  DMS  operation.  In  system  candidates  1A,  IB',  and  1C 
only  minor  participation! is  required  end  that  with  little  difficulty  for 
almost  tho  entire  dump  mission.  Therefore  their  ratings  were  chosen  as 
1.0  In  candidate  IB,  moderato  difficulty  ie  rnticipeted  in  the  set(uisi.tioa 
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of  proper  Loran  C  station  signals  by  tho  vessel  captain  and  tiioroforo,  a 
somewhat  reduced  rating  (0.3)  was  U3ed.  For  candidates  2,  3,  and  4, 
essentially  no  participation  by  the  vessel  captain  is  required  and  there.  - 
fore,  a  rating  valuo  of  1.1  was  used.  A  suaaiary  of  ratings  for  tho  DMS 
candidates  used  in  the  Autoaoticity  Subscore  follows. 


TABLE  10-3  AUTCnA'flCITY  FATXH03 


Ppr,  didate 

Ratine  M 

1A 

1.0 

IB 

0.8 

IB* 

\ 

1 

i 

i 

1.0 

1C 

l 

1.0 

2 

t 

( 

1.1 

3 

1.1 

4 

i 

t 

*. 

1.1 

10.  A.  5  Mttol  Mfifan  ISSl 

> 

At  «  Beating  with  HTDCB,  it  was  recommended  that  for  the  present 

♦ 

study*  •  value  of  1.0  be  used  for  all  aystea  candidates,  Indicating  that 
the  overall  score  be  relatively  insensitive  to  initial  cost. 

10.4.6  52*U!JX<2<iUvo  pauJU  &£nreJj&l 

Tho  ratings  for  the  cost  effoctivonoss  subscore  were  based  on 
the  relative  east  effectiveness  values  calculated  in  Paragraph  10.3  and 
•usamricad  in  Table  10-4.  A  swwfnry  of  ratings  bused  on  the  vabulated 

I 

results  and  the  rating  criteria  presented  in  Paragraph  $.1.6  is  as  follows. 
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TARr.KJ.0~9  cosr  EFFECTIVENESS  RATINGS 

to*  **«■*.*  *-*♦  *  <m.W  •  «*«  •  *****  *  »p  »■  ••  *'  *i  to*  ■»  1  ■  1  l^to*.**^  *to^totor*to^tototo 


!<<•> 


« 


fis rii&te. 

u 

IB 

IB* 

1C 

2 


Bating  R6 
0.9 
0.9 


0.9 


1.0 


0.5 


3  0.5 

4  0.5 

I 

% 

10.4.7  tefititeBLAgaa^ AJaESgcLiSZl 

Location  aocura^  ratings  for  the  IMS  candidates  were  baced  on 
the  porforaance  accurocl^fs  calculated  in  Section  6.0  using  thj  rating 

r 

j 

criteria  tjiven  in  Paragraph  5.1.7.  The  folloeiug  ratings  wars  established. 


MBjate-JMaaag  itama  lanaa 


i 

BiUimlK 

u 

0.9 

IB 

1.1 

IB* 

1.0 

1C 

1.0 

2 

1.0 

3 

.8 

4 

.9 

10-U 


I 
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10.4.8  psslgfl  >bcto.~3  Sitbrc.ovo_.igO. 

The  ratings  for  tho  Design  Factors  aubscoi*o  i3  laced  on  a 
weighted  average  of  ratings  established  for  reliability,  maintainability, 
equlpcont  weight  and  else,  cn-toai-d  KiS  power  require: .ants,  DMS  var.r.~up 
requirements  and  service  environment  capability.  The  table  following 
sums  rises  the  individual  ratings  for  tho  above  design  factors  ar.d  also 
•bows  tho  overall  design  factor  ratings. 

TABLE  10-11  reSiGti  7ACrfORS  RATI  HO 


State* 

EaUateim* 

foiBL. 

Weight 

feJ&Wl 

Pvr.  Warm-up 

goats*.  Balto- 

Service 

Environ. 

Overall  Design 
&£&LJ&taKB 

ik 

0.9 

0.8 

1.1 

1.0 

1.1 

1.1 

0.93 

IB 

O.B 

0.8 

1.1 

1.0 

1.1 

1.1 

0.93 

IB* 

0.6 

Q.8 

1.1 

1.0 

1.1 

1.1 

0.93 

1C 

1.0 

0.9 

1.1 

1.0 

1.1 

1.1 

0.99 

2 

0 

0.6 

1.1 

1.0 

1.1 

1.0 

0.55 

3 

0 

0.8 

1.1 

1.0 

1.0 

1.0 

0.61 

4 

0.6 

0.6 

1.1 

1.0 

1.1 

1.1 

0.89 

As  shown  in  the  Table  10~11,  the  significant  design  factors  which 

influence  the  IKS  candidate  rating  are  reliability  ani  w*ini*ir*bility. 

The  reliability  rating  criteria  was  established  in  testis  of  the  overall 

system  KTBf  and,  for  candidates  2  and  3,  are  shown  to  be  leas  than  ISO 

hours.  Tho  espce.Kat  higher  rwliaUlUy  of  c@f4Sdai9  1A  candidates 

IB  and  IB*  reflects  the  use  of  the  two  €  tnd  t  ^o  term  A  revivers 

In  tfcwes  candidates.  The  high  reliability  value  fi»r  ocaUdat?  1C  is 

directly  attributable  to  tho  elis*ln=»iion  of  tW  on- heard  detection 

i 

'subsystem.  The  raiabaineMliV/  rallies  ware  has*  4  i-n  tbs  KiTT*  nstlvetos 

contained  in  Bsctinn  S.O. 
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10.4.9  Miscellaneous  Factors  Subaooro  (S9) 

The  DMS  candidate  ratings  for  the  Miscellaneous  Factors  Subscore  were 
based  or.  separate  ratings  for  the  following  factors:  safety;  equipment  inter- 
changeability;  installation  flexibility;  tamper-proof;  growth  capability  in 

0 

range,  navigation  aid  capability,  and  accuracy;  training;  and  deterrent  value. 
Ratings  for  these  factors  along  with  overall  rating  values  for  the  DMS  candi¬ 
dates  are  contained  in  Table  10-12, 

TABLE  10-12  -  MISCELLANEOUS  FACTORS  RATING 


INTER- 

MLEXI- TAMPER 

GROWTH 

TRAIN-DKTER- 

OVERALL 

SI  STEM 

SAFETY 

CHANG 

pii/ra  PROOF 

RANGE  NAV  AID;  ACCURACY 

ING 

PENT 

RATING,!^ 

1A 

1.0 

1.0 

0*9 

1.0 

1.1 

1.1 

1.1 

1.0 

1.0 

1.0 

ID 

1.0 

1.0 

d.9 

1.0 

1,1 

1,1 

1.1 

1.0 

1.0 

1,0 

IB' 

1.0 

1.0 

0.9 

1.0 

1.0 

1.1 

1.0 

1.1 

1.0 

1.01 

1C 

1.0 

1.1 

1.0 

1.0 

1.1 

1.0 

1.1 

0.8 

1.03 

2 

1.0 

1.0 

i;o 

1.0 

0 

0 

0 

1.1 

1.1 

.90. 

3 

1.0 

1.0 

lilo 

1.0 

1.0 

0 

0 

1.1 

1.1 

.94 

4 

1.0 

1.0 

oU 

1.0 

1.1 

1.1 

1.1 

1.0 

1.1 

1.05 

1.0.4.10  Hardware  Availability  gubacore  (510) 

With  the  exception  of  candidates  2  and  3,  all  DMS  candidates  are  rated 
1.0  for  the  S^  subscore.  Candidate  2  which  utilizes  non-exi3ting  shore  radars 
and  vessel  radar  beacons,  would  require  significant  development  and,  accordingly, 
a  rating  of  0.5  was  chosen.  Candidate  3  requires  considerably  los3  development 


and  a  rating  of  0.9  was  assigned.  Table  10-13  summarizes  the  results. 
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TABLE  1C- 

*13  HARDWARE  aVATLAB; 

SYSTEM 

ho 

1A 

1.0 

IB 

1.0 

1BS 

1.0 

1C 

1.0 

2 

0.5 

3 

0.9 

4 

1.0 

10.4.11  Overall  Score  of  3;MS  Candidates 

The  overall  score > of  the  DliS  candidates  was  computed  using  equation 
(5-1)  frc;.i  the  subsccre  ratings  contained  in  the  preceding  paragraphs  and  the 
assigned  weightings  given  in  section  5.0.  A  siursaty  of  the  cv 

i 

the  DM3  candidates  are  sho;in  in  the  following  table: 

TABLE  10-14 1-OVERALL  SCOBS  Of  DMS  CANDIDATES 

f 

-  OVERALL  SCORE 


AJ.  UVV*  vw  X  Vi 


SYSTEM 

1A 

IB 

1B» 

1C 

2 


0.89 

0.87 

0.91 

0.90 

0.04 

0.16 


3 

4A 


i 


0 . 44 


As  shown  in  Table  10-14,  system  candidate  13'  has  the  highest 
overall  scovo  followed  closely  by  candidate  10.  It  should  bo  noted  that 
candidate  IB*  also  had  the  highest  relative  value  of  performance  effective¬ 
ness  of  the  candidates  whereas  candidate  1C  had  the  highest  cost  effective- 

/ 

ness  due  to  its  low  TOO.  It  also  should  be  noted  that  candidate  IB*  differs 
from  candidate  1C  only  in  that  positive  dump  sensing  is  included  for 
candidate  1B» . 


10.5  «  Summary,  of  Evaluation 

The  evaluation  results  of  the  preceding  sections  have  identified 
candidate  IB*  (Loran  A  with  Onboard  Draft  Sensing  and  Digital  Printer)  as 
the  preferred  system  approach  for  the  DMS,  Since  this  candidate  differs 
from  candidate  1C  only  by  the  addition  of  positive  dump  sensing,  it  is 


desirable  to  consider  candidate  IB*  made  up  of  the  basic  1C  system, 

Icrm/E^ents/ Printer  System  (LISPS),  supplemented  by  a 
positive  dump  sensing  subsystem.  With  this  concept,  maximum  flexibility  in 
the  adaptation  of  the  IMS  candidate  1B»  for  various  vessel  types  such  as 
self-propelled  or  towed  dump  scows  i3  provided.  In  the  case  of  a  towed 
dump  scow,  the  LEPS  would  be  provided  on  the  towing  tug  and  the  dump  sensor 
subsystem  designated  a3  SIDS  (Scow  Indicating  Draft  System)  would  be  in¬ 
stalled  on  the  towed  scow.  For  installations  complete  on  one  vessel,  such 
as  self-propelled  dump  vessels,  the  addition  of  the  positive  dump  sensing 
to  the  basic  LSPS  is  designated  DELP3  (Draft/Events/Loran/Erinter  System) . 


As  shown  by  the  evaluation  results, 
reasonable  pei'fonaanco  effectiveness  and  will' 
DSLPS,  LEPS,  and  LEPS  with  SIDS  all  have  the 
vorthly  features:  j 


{LETS  in  itself  provides 
be  a  useful  portable  system, 
'following  additional  note- 
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All  ere  low  cost  systems  which  have  a  high  probability 
of  satisfying  the  objectives  for  tho  bbS, 

till  provide  a  high  probability  of  detecting  violations 
end  offer  a  strong  deterrent  capability, 

There  is  a  high  confidence  in  the  designs  because  only 
off-the-shelf  equipments  and  proven  concepts  are  used, 

They  are  readily  adaptable  to  all  dump  vessels  witn 

minimal  vessel  preparation  and  I»B?S  requires  no  signal 

transfer  between  a  tug  and  a  towed  scow  and, 

% 

They  represent  a  system  approach  which  could  become 
operational  within  1  year. 
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SECTION  11.0 

E5C0MKENDSD  PBEPSRIISD  SYSTEM 


The  previous  sections  discussed  the  systematic  considerations  leading 
to  tho  selection  of  tho  Loran-Svants-Printer’-Syctow  (LF.FS)  plus  positive 
dump  sensing  (candidate  IB1)  as  tho  rscoumvonded  preferred  approach  for  mon¬ 
itoring  ocoan  dumping  in  the  Now  York 'Bight.  This  approach  was  rated  only 
slightly  ouparic.  to  the  basic  system  (bSPS),  without  the  dump  sensing 
(candidate  1C) .  Tho  evaluation  included  examination  of  all  known  reasonable 
approaches.  Although  the  basic  system,  ISPS,  v&y  bo  used  by  itself  for  many 

applications,  thora  will  be  situations  where  positive  sensing  of  tho 

« 

occurrence  of  dump  by  measuring  vessel  draft  is  dot-mod  necessary  cr  desirablo. 
When  the  draft  sensing  is  added  to  LKPS  by  installation  aboard  the  some  vessel, 
such  as  cr.  self-propelled  dampers,  the  resulting  system  is  called  D2LPS  (for. 

'i  • 

Draft-ivents-Loran-Frinter-Gystc-.ti) .  Wean  draft  sensing  is  added  to  a  towed 
scow,  tho  basic  system  (LEPS)  is  usod  aboard  tho  tug  and  tho  system  aboard 
tho  loved  scov/  i3  esllod  SIDS  (fo::  Scow,  Indicating-Draft  System).  In  all 

4 

threa  D»S  configurations,  provisions  are  cado  to  accept  and  record  status 
signals  from  monitoring  of  dump  vulvas,  scow  doors,  etc*  However  Buch  status 
signals,  if  used,  would  bo  customised  for  each  vessel.  Although  the  systems 

i 

nro  described  in  various  other  sections  of  this  report,  in  this  section  a 
summary  description  of  tho  hoy  features  of  the  system  are  'presented* 

31.1  ATXRACT1V3  7JSATUPES 

Tho  pref orrod  Dili  in  all  throe  configurations  has  many  particularly 
attractive  features  for  this  application,  ns  described  briefly  below. 

••  All  the  elec ironies  [for  IEP3  aro  housed  In  a  single  "black-box" 


which  required  elec Ariosi  commotions  only  to  ships  power. 


U-l 


8ldp.'j  ground*  on  antenna,  and  the  draft  sensing  unit  (l/huro 
used)*  Tho  sea  voter  pressure  connection  to  the  Draft  Sensing 
Unit  (used  for  CHi.VS  and  SIDS)  can  bo  nado  up  ship  side  of  an 
existing  sea  cock*  Mila  all),  results  in  a  simple  installation 
which  requires  neither  dtydocldng  nor  costly  vessel  notification, 
o  DSPS  off  ora  a  portability  concept  and  requires  minimal  vessel 
preparation,  so  that  it  is  practical  for  a  system  to  be 
temporarily  used  aboard  a  vessel  which  only  occasionally  needs 
a  D13. 

o  Ko  special  ashore  station  is  required,  tVais  reducing  coot  and 

l 

complications  in  operations. 

o  The  system  requires  no  exchange  of  signals  between  tug  and 
towed  tluaper* 

o  Tha  system  provides  a  printed  record  of  vessel  position  versus 
tiRO  end  indicates  ‘start  and  end  of  dump  as  well  as  other  key 

events  (such  as  "pissing  Ambrose  now",  etc.)  • 

} 

o  The  printed  data  is  easily  reviewed  end  readily  show  up  euspoot 


dumps* 


»  la  all  three  oonHgipatlons,  tho  system  offers  a  high  legal 
effootivity. 

o  Tko  system  uses  pxojcn,  off-tfco-sholf  hardware  and  concepts* 

High  reliability  is • thus  expected.  Mm  failures  do  cccur,  tho 
unit  plug-in  cor.copi  poraits  easy  dockside  ncintcivsnco  cr.d  minimal 

i 

vessel  dolcy.  > 

o  Operation  is  oimplajond  easily  lenv.ed  by  Captain  end  rate. 
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Vessel  position  is  displayed  for  use  by  the  Captain  at  Ida 
discretion.  (This  will  probably  provo  to  b?  a  vr.lvr.blo 
navigation  aid  should  tho  dump  altos  novo  further  offshore*) 
o  Tho  need  for  Maintenance  i3  quickly  and  accurately  evident  to 

9 

the  Captain  or  mate, 

o  Tho  system  can  tolorate  a  wide  variation  of  ships  power  input 

# 

(nominally  lOOvf  at  32v  DC,  but  llv  DC  to  6jv  DC  ia  acceptable) . 
11*2  PHYSICAL  CSSCRimWi 

11.2*1  LEPS 

When  installed  th^ro  arc  cnly  two  apparent  elements  to  tho  LEPS, 

nenoly  tho  Eqtd.fr.ont  Rack  arri  the  whip  Antenna.  For  convenience  in  handling 

during  installation  and  Maintenance,  thorn  aro  four  plug-in  units  packaged  in 

f 

tho  Equipment  Rack,  The  t SI'S  thus  comprises  the  six  units  with  Unit  Designation 
(UD)  101  tlirough  106  as  shown  in  Table  11-1.  The  Equipment  Rack,  housing  in 
one  case  tho  cowpleto  ISPS  ({Less  antenna) ,  is  to  bo  mounted  in  tho  uheelhouse. 

I- 

Two  different  siaa  Equipaent' 'Racks  arc  offered  as  shown  in  Table  11-1  to 

I: 

accomodate  different  uheolhquse  opaco  available  on  difforont  vessels.  The 
basic  block  diagram  for  ISPS  is  shown  in  Figure  4-3* 

•  TABLE  11-1 


M 

Ssssmsnk 

Stez/Ssaiina 

Ann cox.  Si so 

101 

Antenna 

1 

15  ft.  Whip 

102,  103 

Loren  Receiver  ’ 

2 

14*  x  9"  x  12* 

104 

Printer  Ibit  » 

1 

9*  x  6"  x  18* 

106 

Equipment  Rack 

1. 

26*  x  19*  x  20* 

OR,  Option  1  (for  use  whan  leso  floor  space  is  available)* 


n-3 


TA3JJS  U-l  (Cent.) 


£8  S^kssss*  .  &z£ftL‘&2&  lm£z*J\m 

106 -A  Hack  .  1  16“  x  3?.“  x  20“ 

Flus  Option  2  (added  when  positive  dump  sensing  in . needed)  ; 

107  Draft  Sensing  Unit  1  10"  x  17“  x  5" 


11.2.2  OSIPS 

When  positive  duiap  sensing  is  desired,  tho  DKDP3  jar.y  bn  obtained 
from  tho  basic  system,  TBPS,  by  the  simplo  addition  of  tho  Draft  Sensing  Unit, 
UD  107,  oo  shown  in  Table  11-1.  The  Draft  Sending  Ufiit  fcOD.pvi»:c>3  eight 
pressure  switches,  preset  for  each  installation  to  switch  in  sequence  at  tho 
following  fractional  parts  of  full  load:  1/4,  1/2,  5/8,  3/4,  13/16,  7/S,  15/16 
and  Full.  Those  switch  outputs  provide  discretes  fox’  appropriate  recording 
on  one  channel  of  the  digital  printer*  The  unit  is  connected  to  con  prcssr.ro 
via  a  1/4"  pipe  lino,  which  can  be  m&do  up  ship  board  of  an  existing  sea  cook 
or  to  a  simple  sea  cheat.  Ho  difficulty  fron  sea  waves  is  anticipated,  but 
If  necessary  a  damping  pot  could  be  added.  The  basic  blook  diagram  for  KSLPS 
is  shown  In  Figure  4-2. 

11.2.3  SIDS 


When  tho  positive  dump  sensing  is  to  bo  obtained  from  a  toured 
•cow,  the  tug  is  equipped  with  tho  basic  system  ;(LSPS)  and  the  scow  is 

equipped  with  a  scow  indicating  dump  syutoo,  SIB3.  Tho  SIDS  comprises  tho 

i 

two  units  as  shown  in  Table  31-2.  Tho  Draft  Sor.pl rg  Unit,  UD  SOI,  is  tho 
sene  as  tho  D21F3  UD  107,  Tho  Recorder  U;iifc,  UD  202,  is  a  unit  comprising 
a  resistor  bunk,  an  analog  printer,  a  "sovfc  now“(  button  end  •c-woff"  switch. 
Tho  resistor  b?nk  J  o  contacted  to  the  switches  tin  D.vr.ft  Sailing  tbit  co 
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that  a  stepped  current  proportional  to  tho  pre-sot  stop  ch-ingos  in  draft  is 
roco»*di> d  on  th  j  analog  printer  (such  03  Runtrok  Model  23b)  •  Tho  8IIXS  riquiroa 
less  than  50  tf.a  at  12/  VC  ncndml  end  would  noiirolly  operate  fron  tho  scow's 
batteries.  However,  if  necer-*rry,  thl3  low  power  daaand  can  bo  provided  by 
a  ro-ehavgooblo  external  battery  pack  good  for  at  least  100 hours  between 
charges.  Tho  basic  block  diagram  for *SiD3  is  shown  in  Figure  4-2. 


m 

201 

202 


n*aft  Sensing  Unit  , 
Recorder  Unit 


TABUS  11-2 

■ 

l 
l 


tes&uJisa 

lO*  x  17"  x  15" 
8*  x  14"  x  DO" 


11.3 

11*3.1 


FUIJCTIOUAL  EKSOMPTHSI. 


ISPS 


A  functional  Flew  RLsgriaei  for  ISPS,  showing  also  the  electrical 


interface  signals  is  presented  injflgoro  11-1.  The  two  Loren  receivers,  UD  102 
and  UD  103  provide  two  hyporbclio|lin6c-of -position  (lop),  to  establish  CEP 
vessel  position  to  better  than  0,£>  osd.  The  two  Loran  receivers  automatically 
track  the  pre^oloctod  Loran  X  station  pairs  after  the  station  masters  are 
■aimeny  acquired  by  tho  Captain  (a  very  duple  procedure)  •  Tho  two  lop’s  ere 
displayed  on  nixie  tubes  on  the  receiver  front  panels.  The  two  lop’s  ere  also 
transmitted  to  tho  printer  and  ere1  automatically  printed  every  six  (6)  ninuteo 
end  every  fifteen  (1$)  toconde  foJ  two  ulnutoo  lissodiately  f cliquing  each 

i 

•event".  This  is  tired  by  an  electrode  clock  in  tho  events  unit.  Tl»  dock 
is  aicd  to  tranrsdt  relative  tine  Vo  the  printer*  The  events  unit  slco  eontiins 
ten  (3D)  buttons  which  ore  dsprctJjxi  to  indteois,  and  record  in  ceded  fore, 

i  - 


n-5 


Fifura  11-1  L2F3  Functional  Flow  DtUjraa 


the  occurrence  of  a  particular  "ovent'J,  such  as  shown  in  Table  11-3.  Note 
that  five  of  the  buttons  aro  changeable,  pre-set  to  accommodate  different 
vessels,  routes,  etc,,  and  that  one  button  is  used  to  synchronise  recorded 
data  of  SIDS  with  LJJPS, 


TABLE  11-3 


Button  No. 


Leaving  Book  Nov 
Starting  Dump  How 
Completing  Dump  How 
Return  to  Dock  Now 

Passing  Plxcoint  Ko.  1 

(e.g.  Buoy  "xx") 

Passing  Pinpoint  No*  2 
(e.g*  Ambrose) 

Additional  Customised  Events 

■Hark  How"  (for  synchronizing  with  SIDS) 


Signals  showing  status  of  the  two  Loran  receivers  are  also  printed. 

In  addition,  loss  of  automatic  track  in  the  Loran  receivers  will  actuate  a 
visible  and  audible  alarm  in  the  Events  Unit*  Appropriate  prlnt-inkibit 
signals  are  used  to  prevent  printing  during  any  interval  when  the  lop  registers 
are  boing  updated*  A  visible  and  audible  alarm  shall  also  be  provided  to 
indicate  an  approaching  need  for  replacement  of  printer  paper*  The  printer 
is  a  21-channel  alphanumeric  printer  using  3 •5"  paper  tape.  The  channel 

i 

allocation  is  shown  in  Table  U-4* 
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TABI.S  ll-/» 


Cp3pS3 


mirm  cour.^i  /j,i,ccat.to:j3 


Function 


I  and  2 

3 

4  and  5 

6  t  hrough  9 
10 

II 

12  through  15 
16 

17 

18  through  21 


Vessel  identification 

Events 

Spares 

Relative  Time 
Draft  (when  used) 

Status,  Lox*an  Revr.  Ho*  2 
LOP  Ho.  2 

Dump  Status  (if  used) 
Status,  Loran  Revr.  Ho.  1 
LOP  Ho.  1 


At  the  end  of  each  dump  trip  the  Captain  signs  the  recorded  data 
coi'viijriiig  i»a  v«iij.oi u/  iuid  oolivoi's  io  uo  iui.uii>  oy  Courier  or  puetu  it  in  U.S. 

within  12  hours  after  return  to  port,  using  pre— addressed  envelopes 
provided  by  HiBGE.  i‘he  delivered  data  is  quiclcly  reviewed  for  place  of  duiap 
and  for  total  trip  elapsed  tiir.o  to  identify  suspect  du:np3  for  further 
examination. 

11.3.2  delps 

As  previously  described,  D3LFS  is  fonr.ed  by  adding  positive  dump 
sensing  to  th3  basic  system,  LISPS,  This  is  accomplished  by  connecting  tho 
Draft  Sensing  Unit  to  sense  external  water  pressure  and  thus  vessel  draft. 

The  Draft  Sensor  Unit  ccaprises  eight  pre-set  pressure  switches,  adjusted  to 
throw  at  preset  pressures  representing  the  following  fractional,  parts  of 
full  loads  3/4,  1/2,  5/3,  3/4,  13/16,  7/8,  15/16,  Fall.  Hoto  that  the  else 
of  tho  stops  are  loss  nearer  to  full  load.  The  outputs  of  the*c  switches  roue 


1.1-8 


draCt  discretes  connected  electrically  to  bo  recorded  on  one  channel  of  the 


digital  printer,  as  shown  in  Figure  11-1. 

11.3.3  SIDS 

As  previously  described  in  paragraph  11.2.3#  SIDS  comprises  two 
units,  namely  a  Draft  Sonsor  Unit  (same  unit  as  for  EELPS)  and  a  Recorder 
Unit.  In  this  case,  the  draft  is  recorded  abcard  the  scow  by  SIDS  (this 

-o 

approach  permits  operation  without  a  data  link  between  the  tug  and  the  towed 
scow)  •  The  draft  recorded  data  must  be  time-coordinated  with  the  IBPS  recording. 
This  is  accomplish**  1  by  sicstltaneously  depressing  "mark  now"  buttons  on  SIDS 
and  on  LSSPo  at  the  3tart  and  the  end  of  each  trip  (conceivably  at  the  time 
the  tug  hawser  is  made  fast  and  is  released) .  An  additional  checkpoint  exists 
at  the  time  of  dump  when  the  tug  captain  depresses  the  start  and  completion 
of  dump  buttons  and  a  corresponding  change  in  draft  should  occta*  on  the  SIDS 
recording.  (The  strip  paper  drive  for  the  SI  DC  recording  is  &«  a  fixed  speud  . 


within  <».) 
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KSCiWl^i 


COMMENTS  OH  LEGAL  STFSCillYITX 

The  printed  data  of  LEPsj  provides  a  complete  timed  history  of  the 


entire  dump  mission.  The  continuous  timed  record  of  vessel  porition  with 


indications  of  specific  locations  ^t  specific  times  (Meventsn)  would  bo  vexy 

* 

difficult  to  fabricate  or  to  menipi&ato  or  to  temper  with.  In  addition,  the 

) 

print-cut  is  in  English  language  ( with  only  a  simple  coding  for  events)  so 
that  the  Captain  can  make  an  intelligent  review,  thereby  maiding  his  signature 
more  meaningful.  Accordingly,  it  r^.y  be  expected  that  the  data  usually  will  be 

i 

a  true  representation  of  the  dump  trip. 

It  may  be  noted  that,  when  only  If’.P3  is  used,  the  occurrence  of  dump 
is  indicated  only  by  tho  Captain  depressing  the  corresponding  events  button 


for  start  of  dur.p  end  completion  of  damp,  Accordingly,  the  integrity  of  the 
Captain  is  relied  upon  and,  of  course,  this  always  can  be  eh -’Headed.  Ho  iolgl 
purposely  misrepresent  or,  making  a  hunan  error,  he  iiiay  "forget"  to  depress 
those  events  buttons  at  the  correct  t5v:o  if  at  all.  The  review  of  such  data 
would  then  simply  look  for  tho  farthest  traveled  point,  (generally  tho  turn¬ 
around  point)  as  doteiviined  by  tho  two  lep’s.  It  is  then  assumed  that  tho 
dump  occurred  at  that  point,  Certainly  tho  dump  did  not  cccur  at  a  further 
point,  sinco  tho  vessel  travelled  no  further.  The  dump  ray  have  occurred 
earlier  *•  but  this  is  not  very  likely  since  there  is  normally  nothing  to  be 
gained  by  dur.ip3.ng  early  and  then  travelling  further.  However,  in  sere 
situations  early  dumps  are  anticipated  (such  as  a  trickling  dump  irado  for 
comfort  in  heavy  weather  with  the  hope  of  escaping  detection) .  In  fact,  on 
early  dump  might  bo  attempted  at  times  by  almost  any  Captain.  For  these 
cases  positive  detection  of  occurrence  of  dump  should  be  tends,  using  E2LPS  or 
SIDS.  i 


Should  experience  show  that  additional  independent  sensing  of  the 


occurrence  of  duap  is  necessaiy,  recording  the  status  of  dump  control  valves, 

1 

actuators,  scow  doors,  etc,,  con  he  added.  Printer  spare  column  16  (ref. 
Table  11-4)  has  been  reserved  for ^ this  uso  to  give  a  separate  indication  of 

f 

the  tine  of  dump.  However,  it  is  felt  that  for  irony  situations  the  L3?S 
alone  or  with  SIDS  or  K5X.PS  will  bo  adequate  without  such  addition. 


It  is  realised  that  the  major  purpose  of  a  K!3  is  not  to  increase 

tho  exchequer  by  fines  von  in  court  cases,  but  rather  it  3.3  to  control  ocean 

1 

•  1 

dumping  practices.  In  this  regard,  the  value  of  the  DKS  as  a  deterrent  to 
illegal  or  improper  practices  is  important.  Tho  system  s  defined  are  believed 
to  provide  ns  strong  a  doteixant  la  would  bo  provided  by  more  sophisticated. 


1. a  would  bo  provided  by  more  sophisticated, 


more  costly  system.;. 


OT  course,  on  empty  "black-box*  will  .initially  provide 


ft  strong  deterrent  too  (that  is,  until  tho  Captain  learns  that  the  box  is 
ineffective  in  catching  violations)  •  Tho  defined  preferred  systems  provide 
ft  rather  high  confidence  that  violations  trill  ho  detected  and  thus  should 
retain  their  value  as  dot  err  ’ts. 

It  is  expected  th^t  4  v  •-poet"  dumps  will  be  resolved  rnoro  of  ten 
out  of  court  than  in  court,  ▼*.•*«?  i * ko3.yj  however,  that  tho  Captain  involved 
will  be  given  strong  warnings*  such  as  might  cccur,  for  example,  if  a  parti  cula*r 
Captain  delivered  data  establish  ng  a  pattern  of  abnoreaily  frequent  los3  of 
Loran  auto  track  (and  thus  no  v  •  cl  data  for  such  trips) .  Tho  NICCE  could 


add  weight  to  th3  impact  of  th.  warnings  by  braving  tho  renegade  Captain 

% 

froa  dump  vessels  upon  tho  second  warning;  barring  the  vosoel/o’/nor  frora  divvp 


activities  upoa  the  third  warning,  etc. 

Finally,  it  is  suggested  that  tho  Corps  of  Engineers  keep  sight  of 
tho  fact  that  not  only  is  the  relatively  high-cost  monitoring  of  ocean 

i 

i 

dumping  required  to  help  protect  -the  environment,  but  that  tho  ocean  may  be  the 
only  logical  place  to  dispose  of  Jmch  of  the  waste  end,  accordingly,  that  any 

4 

r 

monitoring  activity  should  not  stjifle  ocean  dumping  but  rather  should. facilitate 
tho  proper  disposal  of  waste  in  tie  ccean. 

j 

I 
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SECTION  12.0 


jKPlE''.k;tatio::  plan 


in  Implementation  plan  Is  presented  leading  to  an  operational  DMS 
nine  (9)  months  after  contract  auard.  The  selected  DMS  uses  the  I-oran- 

Events-Frinter  System  (LEPS)  as  the  basic  system  to  which  is  added  a  Draft 

i 

Sensing  Unit  to  make  a  DELPS  and  a  Spow  Indicating  Draft  System,  SIDS, 
aboard  a  toved  scow  to  provide  positive  dump  sensing.  This  section  dis¬ 
cusses  hardware  procurement,  installation  and  checkout,  r peration  and  main¬ 
tenance,  and  provides  planning  cost  estimates  and  time  schedules. 

12.1  GENERAL 

Key  factors  vital  to  the  development  of  the  LLPS  Instrumentation 
Plan  are  determinations  of  the  number  of  systems  needed  and  vessel  assign- 
menu  or  v uaer  usage  oi  uus  sjrsLciii-s*  ExtuiSLiiaUxOn  Ox  cixc  wccon 
operations  in  the  greater  Hew  York  Harbor  has  led  to  the  following  recom¬ 
mendations  regarding  the  number  and  usage  of  systems .  It  should  be  remam- 
bered  that  ownership  (and  therefore  responsibility  for  maintenance)  of  the 
equipment  is  to  be  retained  by  the  Corps  of  Engineers. 

It  is  recommended  that  there  bp  two  separate  procurements  of  systems 
to  cover  present  operations.  The  "initial  buy"  would  procure  twenty-four 

(24-)  systems.  The  "second  buy"  would  procure  an  additional  forty-two  (42) 

* 

systems.  The  two  separate  buys  are  suggested  for  flexibility  of  funding 

t 

which  might  be  in  two  different  fiscal  years,  table  12-1  shows  the  suggested 
usage  of  those  systems  and  the  recommended  numbers  and  usages  of  DELPS  and  SIDS. 
Note  that  tho  initial  buy  of  24  systems  provides  for  use  of  13  DELPS,  3  LEPS 


with  SIDS,  and  4  LEPS  for  portable  ueo.  Tee  initial  buy  allowance  for  spares 
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TABLE  12-1 
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0 

oi 
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C3  RECOMMENDED  PROCUREMENTS  ADD  USAGES 


Initial  Buy 

UELPS  SIES  LEPS  TOTAL 


Assigned  to  vessel  owners 

Sewer  Sludge  11 

Industrial/ Chemical  Wastes  2 

Dredge  Spoils  . 

Cellar  Dirt,  etc.  ' 

Presently  unidentified 
Portable  Systems  1  _o 

4 

i 

(Sub  ''otal)  i  13 

1 

Spare  Systems 

Dockside  Maintenance  2 

j 

Pipeline  Allouance  [  2 

(TOTAL)  1 17 


_0  J. 

3  7 


DELPS  SIDS  LEPS  TOTAL 


0 

0 

2 

2 

2 

/> 

A 

8 

8 

8 

15 

15 

15 

2 

2 

4- 

J2 

3 

2/ 

3u 

34 

3 

3 

4 

3 

3 

33 

36 

42 

*  I 


is  4  DKLFS  (which  also  spares  the  L5PS)  and  2  SIDS  (making  about  4  systems 
worth  of  spares).  Similarly,  note  that  the  second  buy  provides  for  use  of 
4  DFI.PS,  27  LSPS  with  SIDS  and  3  LEPS  for  portable  use.  plu3  corresponding 
spares. 


Probably  the  dumping  of  sewer  sludge  and  toxic  industrial/ chemical 
vasto  represent  the  most  severe  form  of  ocean  dumping  occuring  regularly 
in  the  Hew  York  Bight  and,  accordingly,  should  be  covered  in  the  initial 
buy  as  shown  in  Table  12-1.  The  eleven  (ll)  systems  allocated  to  monitoring 


of  sewer  sludge  dumping  vould  covor  New  York  City  (5),  Nassau  (l), 

Westchester  (l),  and  New  Jersey  (4).  The  five  (5)  systems  for  industrial/ 

I 

chemical  waste  would  covax^  the  present  requirements  such  as  for  National 
Lead,  Allied  Chemical,  Spe^tonbush/ Sparkling  Waters,  Modern  Transportation. 
The  systems  shown  for  these^  usages  in  the  second  buy  aro  recommended  to  cover 
additional  anticipated  requirements  such  as  nausad  by  additional  plants 


producing  sewer  sludge  and 'caused  by  the  need  to  carry  to  sea  those  indus- 

i 

trial  wastes  presently  boir(g  discharged  into  streams  where  such  continued  practice 
cannot  be  licensed.  ' 

i 

As  shown,  it  is  suggested  that  four  (4)  systems  of  tho  initial  buy 
and  three  (3)  systems  of  the  second  buy  be  kept  as  "portable  systaas"  for 
use,  as  deemed  appropriate,  aboard  any  vessel.  It  is  quickly  noted  that 
the  numbers  of  poi'table  systems  decreases  between  initial  and  seeond  buys 
from  25$  to  10$  of  the  numbers  of  systems  of  each  buy  assigned  to  vessel 
owners.  The  larger  percentage  initial  buy  is  reconsaendod  to  cover  the 
larger  percentage  of  dumping  operations  not  under  surveillance  by  installed 
systems  of  the  initial  procurement.  Thoco  systems  should  bo  LETS. 
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II  • 

t 


The  second  buy  includes  eight  (8)  systems  for  assignment  to  monitor 
dumping  of  dredge  spoils.  These  eight  systems  would  cover  operations  in¬ 
volving  about  37  barges  and,  for  example,  might  be  assigned  to  Great  Lakes 

(5),  American.  Dredging  (2),  and  Dunbar  &  Sullivan  (1).  The  fifteen  (15) 

1 

systems  recommended  for  the  second  buy  to  monitor  dumping  of  cellar  dirt, 
etc.,  would  cover  operations  involving  about  47  tugs  and,  for  example,  might 
be  assigned  to  Moran  Towing  (6),  McAllister  (5),  Turecamo  (3),  and  Red  Star 
(l).  The  basic  LEPS  part  of  these  systems  might  b3  used  as  portable  equipment 
aboard  a  number  of  previously  prepared  tugs.  (The  towing  company  might 
separately  procure  antennas  and  racks  to  facilitate  the  flexibility. )  The 
SIDS  would  be  installed  in  the  assigned  dump  scows.  Since  delivery  of  the 
systems  of  the  second  buy  might  be  as  much  as  two  years  away,  it  is  quito 
likely  that  additional  assignment  s  and  different  priorities  vill  bo  identified. 
It.  fo.lt  that  a  reasonable  allewanco  for  this  would  be  four  (4)  sj3tems  to 


be  assigned  but,  as  shown,  presently  unidentified. 

Spare  systems  are  recomanded,  as  shown,  for  both  the  initial  and 
second  buys,  amounting  to  about  IQ#  for  dockside  maintenance  and  a  pipeline 
ullovanoe  of  about  IQ#.  These  spores  will  provide  the  needed  plug-in  units 
to  support  the  recommended  dockside  maintenance  philosophy  to  minimise  vessel 
delay  caused  by  an  equipment  failure  or  malfunction.  Of  course,  tic  pipeline 


allowance  provides  the  needed  units  to  stay  operational  while  faulty  units 
are  in  the  repair  "pipeline*  (at  or  enroute  to  or  from  repair  shops  or 
factories).  The  selection  of  the  number  of  spirits  recommended  is  basod  on 


our  experience  and  is  expaotod  to  yield  a  high 


95#  confidence  level)  that  a  spare  unit  vill  be  avr liable  when  needed  for  a 
reasonable  period  (say  at  least  two  years).  A  rigorous  sparing  analysis, 


ejnfJd© 
i  inrrllal 
rlgoroui 


ones  (say  greator  than 
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which  is  not  within  the  scope  of  this  planning  study,  could  be  mado  using 
any  of  several  programs  developed  for  digital  computers  (such  as  by  SS1ID) 
to  dotend.no  the  number  of  spares  required  to  suppoi*t  a  given  program  for 
various  confidence  limits  and  operating  times.  The  mathematics  for  such 
programs,  typically  based  on  an  exponential  or  Poisson  distribution  of 
failure  tines  for  component  parts,  requires  a  knowledge  of  failure  rates 
and,  of  course,  the  detail  ports  are.  not  yet  fully  identified  for  the 
systems.  Accordingly,  it  is  suggested,  that  the  recommended  quantity  of 
spares  be  procured  and  that  maintenance  records  be  kept  so  that  tho  failure 
history  could  be  watched  closely  and  additional  quantities  of  any  critical 
units  thus  identified  could  be  procured.  Such  records  would  also  form  the 
basis  for  future  spares  buy3  (it  is  luost  likely  that  unequal  quantities  of 
the  various  units  v/ovld  bo  desired) . 

It  sir-. »ld  further  ho  noted  that.  the  quantities  recotffiwndcd  for  tho 

initial  and  the  second  buys,  axle  based  upon  an  analysis  of  present  dumping 

i 

operations  in  dump  sitos  noar  Atnbrose  Light  Tbvor  with  only  an  occasional 

dump  as  far  as  106  n  mi  off  chore .  Should  tho  licensed  dump  areas  move 

> 

significantly  offshore,  the  roupd-trlp  timo  would  increase  substantially, 

and  more  vessels  could  be  requiyod  to  dump  the  seme  amount  of  westo.  Accord- 

\ 

ingly,  in  such  a  case,  the  cjur.nbJ.tios  and  assignments  of  systems  should  bo 
re-ex*r  lined.  , 

12.2  HARiMARB  PI^CURK^ 

iho  eystirn  couprico  autos  itic  loran  Receivers,  a  digital  printer, 

and  an  analog  printar  which  are  basically  of f- the  -ch.flf  with  only  minor 

» 

modification.  Howover,  the  Bvaats  Unit,  and  the  Draft  S&tsirg  bolt  involve 


j 
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a  unique  ari’angeMcnt  of  proven  concepts  and  existing  hardware  and  thus 
roquiro  design  effort.  Similarly,  tho  gyutovj  interfaces  end  tho  equipment 
redes  are  uniquo  and  also  require  design  activity,  Tho  plan  calls  for  the 
design  effort  to  be  a  part  of  the  hardware  procurenaent  of  the  initial  buy 
resulting  in  equipment  deliveries  from  tho  eighth  through  tho  eleventh 
month  after  authorisation,  as  shown  in  Figure  12-1.  Tho  initial  buy  would 
also  cover  the  preparation  end  delivery,  four  months  after  authorisation, 
of  a  Kotice  of  Flan,  Installation  Instructions,  and  Operating  Instrv  tions 
for  users  and  for  the  Corps  of  ftiglnears.  The  Notice  of  Flan  would  bo  used 
by  NXDCK  to  advise  users  and  potential  users  of  the  plan  to  monitor  ocean 
dumping  and  of  the  timetable  and  regulations  for  the  start  of  use  of  the 
eyotens  end  the  requirement  to  sutait  the  recorded  data.  The  Installation 
Instructions  would  cover  details  concerning  installation  so  that,  regardless 
of  Tasso!  configuration,  a  vessel  cowl*  bo  prepOTwd  for  footellatJon  of  a 
permanent  ey&tan  or  portable  system.  The  User  Operating  Instructions  would 
show,  in  check-list  form  and  in  back  up  detail,  the  step-by-step  procedures 
for  uso  of  the  equijnant  end  delivery  of  data  to  HYDCB.  Additional  instruc¬ 
tions  for  uso  by  H3CDCE  would  cover  their  operations  also  in  cheek-list  form 
and  with  back-up  detail. 

12.3  IhSTALLATHKI  AND  CHISROUT 

The  various  vosaels  would  be  prepared  by  the  owners  to  receive  the 
aye  tans.  The  preparation  for  L£?S  involves  assigning  locations  and  providing 
mounting  holea/foundotious  for  the  antenna  end  fquijmnat  rack,  rum  ting  a  co¬ 
axial  r-f  coble  tetwesn  the  oatema  and  rack,  eld  providing  to  the  rack  an  r-f 


I1* 

ground  and  lou-lovcl  prirc.vy  electric  power  (nominally  lOCw  a;;  3 2VKJ).  'ilio 

additional  vessel  preparations  for  HI-'Li'S  in  .'ol ver;  assigning  a  location  rrvl 

providing  Mounting  Iwln r:/.Co> nutation  for  the  Dtr.*aft  Sensing  Unit,  and  running 

a  12~viro  signal  cable  fron  that  location  to  tho  location  of  tho  LSPS  rook. 

For  a  SIDS,  tho  vessol  preparation  involvos  assigning  locations  and  providing 

Mounting  holea/f oir idation 3  for  the  Draft  Sensing  Unit  end  tho  Itecordor  Unit, 

running  a  12-uira  signs1  cable  between  tlw*  two,  and  providing  to  tho  Recorder 

• 

Chit  lov '-level  primary  power  ( nervine  Uy  1,0  gratia  at  12v  DC).  Inspect  Ion  of 
the  prepared  vessel  will  ba  subject  to  roviow  and  approval  by  UIDCS  prior  to 
Installation  of  equip  sent.  The  ecuipuant  will  be  installed  and  checked  out 
by  N7DC5  in  the  pro  sene  a  of  the  owner.  Praferctblly  at  tho  time  of  equip- 
neat  installation  and  checkout,*  tho  captain  (and  owner  and  rate,  if  dooirtd) 
will  bo  given  training  in  tho  relatively  simple  operating  procedures. 

V 

It  in  rocoraandcd  that  ~VDC?.  contract  with  SSI i)  to  provldo  these 
inspection,  installation,  cheekput  and  training  functions  as  wall  as  tho 
maintenance  function  deacribcd  in  Paragraph  12.4,  below. 

I 

12.4  OPBRiTIOa  AKD  MAIHTKiJhCE 


A  typical  operation  start ,  at  a  dock  or  loading  area.  The  captain 
turns  tbs  equipment  *08*  and  erjter*  the  following  information  in  written 

I 

englieh  on  a.  rubber- stamp  like  form  on  the  pc  per  tape  at  the  start  for  this 
trip* 


i 


•  Identification  of,  vessel 

•  Nano  of  owner  j 

{ 

•  Identification  of  load 

•  Place  of  departure 
.  Location  of  du*pj 

•  damn  of  captain  I 

•  identiricatinu  wf  severing  perait. 
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Iho  captain  thon  acquires  the  two  pre-solected  mo  a  tor  Loran  signals. 
The  two  Loran  Receivers  automatically  acquire  the  slave  signals  and  auto¬ 
matically  track,  thus  providing  and  continuou;riy  up-dating  the  two  Loran 
linos -of  position.  Thereupon  the  Printer  automatically  records  tho  two 
lines-of-position  and  time  each  six  (6)  minutes  as  determined  by  a  clock 
in  the  Events  Unit.  (loss  of  Loran  track  is  indicated  by  a  visible  and 
audible  alarm,  and  the  two  lop's  are  displayed  on  tho  face  of  the  reran 
units  for  use  Q3  a  navigation  aid  at  the  discretion  of  tho  captain.) 

When  used  with  SIDS,  at  the  time  the  tug's  hawser  is  made  fast  to 
the  scow,  the  LEPS  and  SIDS  recordings  are  synchronized  by  simultaneously 
depressing  a  “mark  now"  button  on  the  SIDS  Recorder  Unit  and  a  "mark  now" 
button  on  the  LEPS  Events  jlnit  in  response  to  Some  prearranged  signal. 
(Similarly,  the  two  recordings  are  again  marked  when  the  trip  is  completed 
end  the  hawser  is  being  detached.)  Hhon  SIDS  is  not  used,  a  pro -assigned 
button  on  the  Events  Unit  ia  depressed  ly  the  captain  at  a  pre-dofined 
point  (e.g, ,  passing  buoy  jjfXX)  to  signify  departure.  Other  pre-selected 

events  are  pre  assigned  to  Aether  buttons  on  the  Events  Unit  (e.g.,  Passing 

j 

Ambrose,  start  of  dump,  dump  completed,  etc.).  Whenever  an  events  button 
is  depressed,  the  normal  six-minute  recording  period  is  interrupted,-  the 
specific  event  is  recorded  by  the  Printer  along  with  time  and,  regardless 
of  clock  time,  a  complete  set  of  data  is  recorded  at  15  second  intervals 
for  two  minutes. 

Upon  return  to  port,  tho  captain  enters  the  date,  time,  and  place 
and  signs  tho  printed  tape,  (and  that  from  SIDS  where  applicable),  signify¬ 
ing  he  certifies  that  "the  data  was  recorded  on  the  specif io  trip  and  was 
not  manipulated  in  any  way.  He  then  delivers  tno  data  within  12  hours 
aftor  roturn  to  port,  for  example,  using  pro-addressed  envelopes  provided 
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by  HYDCK, 


Of  course,  tho  captain  is  also  required  to  keep  his  normal  ship’s 
log  and  to  report  b/  radio  to  the  harbor  supervisor  each  dump  trip  departure 
and  return.  Similarly,  lie  is  required  to  report  to  the  harbor  supervisor 
any  LEPS  equipment  failure  or  suspected  malfunction  based  upon  failiiro 
alarms  on  the  equipment  or  auspicious  performance  such  as  continuous  loss  of 
Loran  track,  or  incorrect  Loran  readings  at  navigation  points  where  the 
correct  readings  are  well-known,  etc. 

ill  data  delivered  to  the  NYrjCE  is  briefly  reviewed  to  reveal  suspects, 
and  the  data  is  examined  in  detail  for  any  dump  suspected  of  being  improper 
(see  also  comments  re  this  in  Paragraph  3.3).  Although  not  a  part  of  the 
recommended  plan,  it  is  suggested  that  NYDCE  consider  a  contract  to  a  third 
party,  such  as  SSMD,  to  receive  and  file,  and  review  and  examine,  all  re¬ 
corded  da  and  to  odoTitll^r  violations  for  further  action. 

Beports  of  equipment  failure  or  malfunction  would  result  in  the 
timely  dispatch  of  a  trained  maintenance  man  and  spares  to  the  vessel  at 
dockside  so  that  there  would  be  a  minimal  delay,  indeed  if  any,  in  the  vessel's 
next  trip.  Tho  dockside  maintenance,  to  be  accomplished  only  by  MBCb,  is 
based  upon  replacement  of  the  faulty  plug-in  unit  by  a  good  spare  unit.  The 
removed  unit  would  be  carried  back  to  tho  shop  for  further  diagnosis  and  re¬ 
pair  or  returned  to  the  factory  for  repair.  It  is  recommended  that  NYDCK 

i 

give  a  "Maintenance  Contract"  to  SSMD  to  cover  this  maintenance  and  tho 

i 

inspection,  installation,  checkout  and  training}  functions  described  in 
Paragraph  12.3,  above. 
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IP.. 5  PLAWmiG  COST  ESTIMATE!  ANO  TIME  SCHEDULES 

Estimated  costs  for  equipment  procurement  in  accord  with  thi3  imple¬ 
mentation  plan  are  shown  in  Table  12-2.  A  breakdown  is  shown  to  give  some 
visibility  regarding  the  origin  of  the  estimates.  It  should  be  remembered 
that  the  initial  buy  includes  the  start-up  costs  (e.g.,  design  of  the  Events 
Unit  and  Equipment  Racks,  and  generation  of  notices  and  instructions).  How¬ 
ever,  even  without  those  start-up  costs,  the  systems  of  the  second  buy  are 
significantly  lover  than  for  the  initial  buy  (e.g.,  approximately  $9K  vs. 

$11K  for  LEPS)  and  so  reflect  an  expected  learning  curve .  The  value  of  the 
"Maintenance  Contract",  which  is  not  included  in  Table  12-2  is  about  $60K 
per  year  and  is  based  on  approximately  24  man-months  of  field  engineering. 

The  maintenance  contract  should  start  about  the  sixth  month  after  procurement 
authorisation.  A n  allowance  of  about  $500/Di#>/yT.  should  be  made  in  budget 
planning  to  cover  the  cost3  of.  detail  repairs  in  shops  or  factory.  The 

j 

schedule  milestones  are  shown  in  Figure  12-1.  An  additional  allowance  for 
approximately  18  a-months/year  |of  engineering  should  be  made  for  a  contract 
to  file  and  review  recorded  datja. 

It  should  be  noted  that  the  estimates  are  at  the  "cost-line"  and  do 

« 

not  include  fee.  It  might  also!  bo  appropriate  for  budget  planning  to  include 
an  allowance  (say  10£)  as  a  reserve  to  oovor  items  possibly  overlooked. 
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TABLE  12-2 


PROCUREMENT  COSTS 


A.  BASIC  SYgTgyj  (PEPS) 

Do  ncrj.pt ion  Initial  Buy  Second  Buy 

Scientist  &  Superv.  Engineer  $  37,300  $  32,900 

I 

Senior  Engineer  .  97,200  43,600 

i 

Engineer  8,300 

Drafting/l-ayoiit  *  32,000 

Factory  Labor  10,500  15,700 

External  Subcontract  Mat'l.  154,000  257,000 

Product  Material  24,800  39,900 

Pubs  Material  1,500  1,100 

Travel  1,300  .  600 


Total  Cost  $366,900 


$390,800 


Number  of  Systems 

Total  Average  Cost/System 

Total  Average  Co3t  for 
66  Systems 

B.  IKCREHHTT  FOR  DELPS 

Starting  Costs 
Running  Costs 

Total  Cost 
Rusher  of  DELPS 
Average  Incremental  Coot 


24 

42 

$  15,300 

$ 

9,400 

$Ll,400/LfPS 

$  13,500 

$ 

•O— 

5,(00 

JL222 

.$  19,100 

$ 

1,900 

17 

6 

$  920/DRWPS 


c.  immLmMm 


Starting  Costs 
Sunning  Costs 

Total  Cost 
Busbar  of  SIDS 
Average  Incremental  Cost 


$  10,400( 
-2.600 
$  14,000; 


\ 


$  -0- 
22.000 
$22,000 
33 

970/SICS 
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APPENDIX  A 


DEFINITION  AND  MATHEMATICAL  FORMULATION  0?  LOCATION  POSITIONAL  ACCURACY 


Vessel  location  position  accuracy  as  used  in  this  report  is  defined 
as  the  probability  of  locating  the  vessel  to  within  a  specified  circular 
dump  radius.  To  determine  a  locution  fix,  a  /.linlrnum  of  two  measurements 

e 

are  required  from  a  single  or  multiple  reference  datum.  With  a  singlo 
reference  datum  point  the  measurements  will  consist  of  a  bearing  raid  a  range . 

With  two  reference  datum  points,  either  two  ranges,  two  bearings  or  a  combination 
of  the  two  are  required.  With  a  hyperbolic  navigational  system,  the  intersection 
of  two  hyporbolics  at  the  vessol  position  establishes  tho  location  fix.  In  all 
of  theso  system  approaches,  tho. two  measurements  are  mado  with  error  caused 
by  systematic  or  predictable  errors  and/or  unsystematic  or  random  errors.  The 
unsystsmatic  errors  are  subject  to  a  distribution  according  to  a  Gaussian  erior 
function  which  are  descrlbablo  by  the  standard  deviation  and  the  mean  or  bias. 

When  two  or  move  error3  arc  combined,  it  is  gene rally  assumed  the  errors  arc 
independent  unless  known  to  the  1 contrary.  Combining  errors  for  a  two  dimensional 
error  system  (bivariate  normal  distribution)  is  performed  using  statistical 
techniques  which  apply  probability  distributions  ir.  two  dimensions.  In  this 
case,  a  probability  ellipse  is  used  to  describe  tho  behavior  of  errors.  For 
the  special  case  of  an  orthoginal  system  whore  tho  standard  deviations  for 
each  axis  arc  equal  and  uncorrolnted,  the  probability  ellipse  reduces  to  the 
special  case  of  a  probability  cifolo.  It  is  common  practice  when  dealing  with 
the  probability  ellipse  to  utilise  an  equivalent  circular  radius  to  define 
positional  accuraoy  ouch  that  tho  enclosed  positional  data  has  the  same 
probability  aa  tho  ellipse,  '"ho  j  subsections  following  pvosont  the 
mathematical  techniques  of  determining  location  positional  accuracy  for  the 
various  location  subsystem  approaches  considered  for  the  So  a  Dump  Monitoring  System. 
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A-l  WO  BEARING  LINES  0?  POSITION  (IUTERSECTING  BEARINGS) 

Thu  calculation  of  the  radial  error  (radius  of  uncertainty) 
for  the  case  of  two  intersecting  bearing  lines,  each  having  a  bearing 
error  with  a  standard  deviation 'T,  is  based  on  the  probability  distribution 
given  in  para  3.1  of  reference  3.-*  Results  for  the  95$  probability  circle 
have  been  computed  and  the  tabular  results  are  reproduced  in  Table  A-l. 

Given  the  angles  of  the  bearing  linos,  base  length  between  datum  reference 
(c),  and  the  bearing  standard  deviation  errors  (tr) ,  the  radius  for  a  95$ 
probability  is  obtained  fromthe  equation. 

Bq.  (A-l)  J'v„,  *  C"  kTaUS 

For  other  percent  probability  circles,  assuming  orthogonal  bivariato 
normal  distributions  with  equal  C*'  s,  the  radii  of  the  uncertainty  circles  are 
related  to  the  error*  by  the  equation! 

*»•  (*-2) 


V =  !-e 


.v  i;  *  r?.  C.  C*  ~  r*  d  m  ,S 


Table  A^-2  presents  a  summary  of  tho  results  obtained  from  equation  (Ar2). 


TABLE  A-2 


PROBABILITY  FOR  RADII  OF  UNCERTAINTY 


n 

Radius  =  G<X' 

In  Terms  of  CPE 

25 

.7585  ‘V 

.6442  CPE 

39.3 

10- 

.8493  CPE 

50 

1.177  <r 

1.0000  CPE 

75 

1.665  0" 

1.414  CPE 

90 

2.U6  o' 

1.823  CPE 

95 

2.448  7- 

2.079  CPS 

99 

3.035  ~ 

2.578  CPE 

For  the  general  ca3o  of  a  non-orthogonal,  bivariate  distribution  having 
unequal  and  correlated  errors,  a  coordinate  rbtational  transformation  may  be 
performed  which  will  result  in  uncorrelated  errors  in  an  orthogonal  system. 

It  can  be  shown  that  the  uncorrelated  errors  t re  given  by: 
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TABLE  A-l  (conUnuiid) 


« 

m  A'^m  p  «*  55J 

p  =>  60*  p  «  65*  p  «  70* 

p  «  75* 

P  ~  80*  p~  85* 

m 

p  —  95*  100’ 

005 

0.0374 

0.0361 

0.0352 

0.0345 

0.0341 

0.0)10 

0.0311 

0.0315 

0.0352 

0.0361 

010 

0.0314 

0.0333 

0.033-1 

0.0333 

0.0335 

0.0338 

0.0345 

0.0354 

0.0367 

0.0331 

015 

00)323 

0.0322 

0.0324 

0.0323 

0.0334 

0.0343 

0.0355 

0.0371 

0.0391 

0.0-116 

020 

0.03C9 

0.0313 

0.0319 

0.0328 

0.0339 

0.0354 

0.0373 

0.0396 

0.0425 

0.0162 

025 

0.0302 

0.0309 

0.0320 

0.0334 

0.0351 

0.0373 

0.0399 

0.0432 

0.0474 

0.0527 

030 

0.0301 

0.0313 

0.0328 

0.0317 

0.0371 

0.0101 

0.0-133 

0.0484 

0.03-53 

0.0619 

035 

0.0307 

0.0323 

0.0344 

0.0370 

0.0402 

0.0-112 

0.0-192 

0.0556 

O.CfrtO 

0.0750 

040 

04)320 

0.0341 

0.0363 

0.0-102 

0.0415 

0.0199 

0.0563 

0.0657 

0.0777 

0.0910 

045 

0.0339 

0.0367 

0.0102 

0.0147 

0.050-1 

0.0577 

0.06/2 

0.0799 

0.0974 

C.1224 

050 

0.0367 

0.0402 

0.0449 

0.0508 

0.0534 

0.068-1 

0.0313 

0.1002 

0.1267 

0.1G69 

055 

0.0103 

0.0419 

0.0510 

0.0589 

0.0692 

0.0832 

0.1021 

0.1302 

0.1724 

0.2414 

060 

04)449 

0.0511 

0.0391 

0X697 

0.03-11 

0.1011 

0.1323 

0.1763 

0.2437 

0.5721 

065 

0.0510 

0.0591 

0.0699 

0.08-16 

0.1050 

0.13-17 

0.1799 

0.25-12 

0.3896 

0.6/91 

070 

04)589 

0.0697 

0.0346 

0.1051 

0.1356 

0.1813 

0.2579 

02>979 

0.6949 

075 

0.0692 

0.C8I1 

0.1050 

0.1356 

0.1324 

0.2593 

0.4014 

0.7055 

060 

0.0832 

0.1041 

0.1347 

0.1318 

0.2533 

0.4029 

0.7103 

085 

0.1024 

0.1329 

0.1799 

0.2579 

0.4014 

0.7103 

000 

0.1302 

0.17C3 

0.2512 

0.3970 

0.7055 

# 

095 

0.1724 

0.2437 

0.33S6 

0.6919 

100 

041414 

0.3794 

0.6791 

105 

0.3663 

0.6583 

110 

0.6346 

« 
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005 

0.0375 

0.0392 

0.011-1 

010 

0.0103 

0.0132 

0.0166 

015 

(UU48 

0.0489 

0.0541 

020 

0.0309 

0.0569 

0.0649 

025 

0.0595 

0.0686 

0.0009 

030 

010719 

0.0337 

0.1052 

035 

0.0901 

0.1116 

0.1439 

040 

0.1174 

0.1526 

0.2097 

015 

0.1605 

0.2218 

02)327 

050 

021324 

0.3509 

0.6022 

055 

0.3665 

0.6326 

060 

0.6303 

0.0442 

0.0479 

0.0326 

0X588 

0.0511 

0.05S8 

0.0646 

0X752 

0.0610 

0.0702 

0.0331 

0.1020 

0.0757 

0.0909 

0.1133 

O.ME9 

0.0933’ 

0.1242 

0.1656 

0.2389 

0.134-1 

0.1814 

0X631 

0.4397 

0.1962 

0.289C 

0.4833 

0.3123 

0.5233 

0.5674 

1 


»* 

1 
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0.0673 

0X792 

0X070 

0.1259 

0.0906 

0.1142 

0.1341 

0X325 

0.1317 

0.1829 

0X862 

0.2113 

0.3353 

0.3507 

- 
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Thus,  given  ,  angle  of  inior 2 action  8  and  correlation  lector  k'.,/ 
the  errora  V  1**  an  erthogonal  set  are  obtained  which  wo  unccrrelated. 
The  unequal  yield*  a  probability  elUpso  contour  rather  than  probability 
eirolea  obtained  for  tho  case  of  an  orthogonal  bivariate  syatoa  with  equal 
and  uneorrelatod  <*'.♦ .  A a  equivalent,  circular  area  resulting  In  the  sure 
probability,  however,  *ny  bo  obtained  using  tho  curves  in  Figure  4~1, 

If  ->*“t  (*.'••  •;'**  ),  tho  rodial  error/  ^  ratio  corresponds  to  the  tabular 

results  of  Tablo  4-2.  If  1,  ,  the  results  shown  correspond  to  the  one 

■•V 

dluonslonal  distribution  case.  It  is  to  be  noted  that  the  $05$  probability 
curve  is  usually  referred  to  as  the  circular  error  probability  (CBP)  curve. 
(See  reference  S  Figure 
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HYFaRBOLIO  HAYIGATIOH  SY3TKMS 


i*i  hyjmrN?1  i<*  navigatian  watenw,  the  positional  accuracy  datenrtned 
froc  intersecting  hyperbolas  is  a  function  of  the  crossing  angle  and  the 
accuraey  of  the  lines  of  positions.  The  exact  equation  of  the  radial  error 
obtained  Via  digital  oorquter  is  given  in  reference  3  ,  p.  161  as: 

I f*  (*u  f(  i* i-'i'y,  > *■*  'til  . . 


■q.  (4-6)  P 


'dre-i  /  If'  J 


vfccre 


(*-?) 


plane  angle  over  integrati^i  porlcd 
Y  a  ratio  of  C*^  of  Intersecting  hyperbolas,  reduced  to  rectangular 
oavrditvtUs 

[given  by 


*** 


error  (63$  Probability) 


vUs  =•  I) 
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Solution  of  equation  A6  is  difficult  requiring  use  of  a  digital 
computer .  It  has  been  general  practice  to  utilise  2  drma  a a  the  95# 
probability,  value  for  tho  equivalent  circular  radius.  The  procedure 
outlined  previously  for  case  1  for  non -orthogonal,  unequal  and  correlated 
can  be  utilized  to  determine  tho  equivalent  circular  radius  for  other 
probabilities.  Figure  presents  probability  as  a  function  of  ?'<  for 
equivalent  circular  radius  for  orthogonal,  uncorrelated  and  equal  ’ ', 
orthogonal  and  correlated  equal  and  non-orthogonal,  uncorrelatcd  equal 
It  is  shown  that,  for  correlation  factors  less  than  1/2  and  non- 
orthogonal  systems  having  vertical  angles  up  to  45°,  the  results  for  the 
orthogonal,  bivariate  distribution  having  equal  can  provide  an  approximate 
solution  for  hyperbolic  systems.  If  crossing  angles  are  severe  and 
correlation  factors  arc  greater  than  1/2,  it  is  advisable  to  utilize  the 
transf  jrmatlon  procedure  outlined  in  section  A-l. 

•  i 

AA3  RANGE- BEARING  (:'<)  SYSTEMS 

The  probability  function  for  rho-theta  systems  is  given  by  the 
equation  \ 
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v  H 

where 

standard  derivation  of  bearing  error 
7  =  standard  deviation  of  radial  error 
f  =  distance  to  target 

-  Bessel  function  of  the  first  kind,  zero  order 


J 


If  it  la  assumed  that  the  distance  error  is  proportional  to 
distance  ( y  )  where  S  -  %  inaccuracy  of  distance,  equation  (AS) 
is  simplified  and  solution  results  are  given  in  Table  A3.  For  givon 
standard  devia  tions  in  range  and  bearing  end  fix  distance,  the  circular 
radius  is  computed  from  the  equation 

(A9)  R  “  f  y.  Table  Value  * 

* 

Radii,  for  other  probabilities  net  included  in  the  tabular 
values  can  be  determined  as  outlined  in  Section  A-l. 


TcbltAi.  The  Radial  Error  R  {Radius  of  the  Cirdt  cf  Uucirtmntj)  of 
R^o-Theta  Navigation  Systems 
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APPENDIX  B 

PERFORMANCE  nBGFAP.vriON  DUE  TO  WgATHgR  FmBOHMSNT 

Tho  subjections  of  this  appendix  describe  tho  effects  of  various 
weather  environments  on  the  performance  and  operational  reliability  of 
the  key  system  elements  of  the  E£3  candidates*  j 

B-i  mm 

In  inclement  weather,  the  ability  of  a  radar  to  detect  targets 
is  decreased  because  of  attonuation  of  the  radar  signal  in  the  path 
between  tho  radar  and  target  and  because  of  clutter  noi&o  from  water 
particles  in  the  vicinity  of  tho  target.  Attenuation  is  caused  by 
absorption  of  water  vapor  as  well  as  absorption  end  scattering  free  water 
droplots.  Clutter  noise  results  from  energy  scattered  in  the  direction 
|  of  the  receiving  .entente  end  tends  to  oheenre  deal  rad  signal  a.  In 

reference  IS  of  Appendix  0,  a  theoretically  derived  equation  ex¬ 
pressing  the  range  capability  of  a  radar  in  inclement  weather  aa  a 
function  of  tho  range  capability  in  dry  weather  is  given  in  terns  of 
typical  radar  pareneiara,  attenuation  factors  for  water  vapor  and  seatter^ 
lag,  and  relative  humidity,  figure  B-l  presents  range  degradation  of  an 
X  bend  radar  in  rainfall,  assuming  the  following  radar  parameters! 

Peek  Power  *  50  E# 

j 

Antenna  Gain  «  23.6  db 
Have  Length  =  3.2  cm 
Boise  Figure  «  16  db 
Pulse  Length  r  0,6  usee 

! 


B-l 


ft. 

I 


As  shown  in  the  figure,  the  radar  range  capability  in  moderate  rainfall 
rates  (4  wr0ir.)  enn  deeroajo  by  a  factor  of  10  c ‘/or  a  dry  environment. 

In  a  fog  environment,  the  scattering  effect  is  negligible  and  the 
radar  range  attenuation  stems  primarily  from  t .ttenri.it ion  caused  by 

I 

absorption.  Figure  B-2  presents  the  rnngo  degradation  of  the  radar  in 

I 

terms  of  visibility  at  specific  temperatures.  As  shown  in  the  figure, 
range  degradation  becomes  appreciable  only  under  conditions  of  intense 
fog.  Snow  and  ice  weather  environments  can  be  expected  to  have  similar 
reductions  in  rango  as  rainfall. 

To  arrive  at  an  estimate  of  the  percentage  of  timo  significant 
radar  performance  degradatbn  can  bo  expected,  meteorological  weather 
data  for  the  New  York  area  was  obtained  from  the  U.S.  Department  of 
CotEeroo,  National  Oceanic  and  Atmospheric  Administration  Environmental 
Date  Service.  Table  B-i  presents  mateoro logical  data  for  t/io  19/U  yea r 
aa  well  aa  normals,  means  and  extremes.  As  shown  in  the  table,  the 
mean  number  of  days  in  which  a  precipitation  rate  of  0.01  inches  or  more 
waa  measured  is  121.  This  is  comparable  to  tho  number  of  days  in  tho 
Washington,  D.C.  area  measured  by  the  same  criteria,  and  information 
contained  in  the  above  reference  will  provide  a  basis  for  estimating 
the  percentage  of  time  significant  radar  range  degradation  can  be  ex¬ 
pected.  Figuro  3-3  extracted  from  tho  above  .reference  shows  the  hours 
por  year  that  a  given  precipitation  rate  was  exceeded.  Taking  a  per¬ 
formance  depredation  corresponding  to  light  rain  (l  mm/ hr.  *=  .04  in/hr.) 
as  boing  significant,  the  hours  par  yen*  that;  ,04  in/hr,  can  bo  ex- 

i 

pectod  are  approximately  5?70.  For  an  3760  hours  year  period,  the  por- 

i 

i 

i 

i 

% . 

i 
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HOURS/ YEAR  THAT  THE  CROl.NATE  RATE  WAS  EXCEEDED 


contago  of  time  that  perform  nee  degradation  (corresponding  to  tho  light 
rain  condition  of  Figure  B-l)  results  is  approximately  3.1^.  This  per¬ 
centage  is  utilized  in  section  10.0  in  analysing  candidate  2. 


B~2  OMEGA.  LORAM  AND  DECO  A 

In  the  utilisation  of  electromagnetic  wave  propagation  for  radio 
navigation,  considex*ation  must  bo  given  to  tho  effects  of  weather  environ¬ 
ment  on  operational  reliability.  In  free  space,  all  radio  waves,  regard- 
loss  of  frequency,  are  propagated  in  straight  linos  at  tho  speed  of 


light.  Along  the  earth  surface,  however,  propagation  is  generally  cato- 
gorized  as  either  ground  wave]  or  skyvave  depending  on  frequency.  Up  to 

j 

about  3  considerable  transmitted  energy  follows  the  curvature  of 
the  earth  (ground  wave)  whereas  at  frequencies  up  to  30  MHs,  npprociablo 
energy  is  reflected  from  tho  ionosphere  (gVywavn).  Since  the  ionoaphez'e  • 

layer  caused  by  radiation  from  the  sun  varies  depending  on  the  time  of 
day,  season  and  the  11-yaar  sunspot  cycle,  the  transmission  path  is 
unpredictable  am  hence  skywavo  propagation  is  seldom  used  for  navi¬ 


gation  systems}  its  use  is  airiest  exclusively  confined  to  ground-base 
direction  finder  systems.  Ionospheric  wave  reflection ,  unfortunately, 
also  affects  ground  wave  systems,  The  ground  wave  signal  is  con¬ 
taminated  by  skyvave  energy  that  arrives  at  a  receiver  by  a  devious  path 

* 

and  special  treatment  is  required  to  isolate  the  two.  It  should  be 

noted  that  the  skywave  signal  utrongth  oan  be  greater  than  tho  ground 

wave  which  fhrbhor  aggravates  the  problem,  Skyvave  contamination  le 

i 

controllable  in  systems  whero  tmloo  transmissions  are  used  since  the 
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edge  of  tho  ground  wnvo  arrives  sooner  th:m  the  s/cywnve  and  hsnco  tho 
two  waVA3  p.i‘9  discernible. 

The  propagation  of  ground  waves  depends  on  the  conductivity  and 
dioloctric  constant  of  tho  oorth  surface  and  thoreforo  diffcn*s,  for 
example,  for  salt  vator  and  ground,  While  tho  free  space  power  received 
varies  as  the  inverse  square  of  distance,  tho  received  power  using  ground 
waves  varies  as  tho  inverse  fourth  power  of  range  ar.d  depends  on  operat¬ 
ing  frequencies.  Figure  B-4  shows  the  ground  wavo  fiold  intensity  as  a 
function  of  distance  for  various  frcquenci.03  over  sea  water.  As  shown 

i 

in  this  figure,  ground  wave  attenuation  at  100  stiles  for  an  operating 
frequency  of  150  XHs  is  40  db  whereas  at  2000  Kite,  tho  attenuation  is 
44  db.  At  greater  distances,  the  affect  of  frequency  is  more  significant. 

The  major  weather  influence  on  radio  navigation  oystens  is 

i 

thunderstorm  activity  which  x'ocults  in  so-called  atmospheric  noino. 

1 

i 

For  frequoueies  below  20  Mx,jtho  useful  sensitivity  of  a  radio  receiver 

is  limited  principally  by  the j atmospheric  noise  level  of  which  tho  most 

> 

important  generator  is  lightning  discharge.  It  is  estimated  that  about 

I 

50,000  thunderstorms  occur*  oach  day  throughout  the  world  and  that,  on 

l 

the  average,  about  2000  are  irt  progress  at  any  one  foment .  Atmospheric 
noise  powor  at  tho  input  to  a  receiver  depends  on  frequency.  Figure  B-5 
presents  tho  frequency  distribution  atmospheric  noise  for  both  night¬ 
time  and  day-timo  operation,  jAs  shown  in  the  figure,  tho  jtvosphovio 
noise  input  at  10  XHs  is  approximately  10,000  times  greater  than  at 

10  KHs  and  varies  significantly  froa  day-time  to  night-time.  Thus,  in 

I 

evaluating  tho  voathar  enviro&msnt  on  the  porfoivvnce  of  system  eutdi- 
datoa,  it  was  necessary  to  provide  an  estimate  of  the  pariontego  of 


r.~a 


i 


TS/MCTER 


n«&-5*  £H:«riL‘  f^  AtnsKjktette  ,NVH*«  (l&lUn  VaU*$) 


time  atmospheric  noise  would  affect  the  radio  navigation  systems  uti¬ 
lized  for  the  various  candidates.  From  Table  B-l,  the  mean  number  of 
days  per  year  for  thunderstorm  activity  in  Mew  York  is  18,  If  it  is 
assumed  that  the  thxuidorstojin  in  the  New  York  Bight  area  prevents 
reliable  transmission  for  a  period  of  8  hours,  the  percentage  of  time 
performance  degradation  results  is 

From  Figure  B-5  it  is  apparent  that  Loran  A,  which  operates  at  a 
2  MHz  frequency,  will  be  more  reliable  than  either  Loran  C  (100  KHz), 

Dacca  (70-127  KHz)  or  Omega  (10  KHz),  Thus,  in  the  evaluation  of  the 

» 

candidate  systems,  several  of* the  ratings  wore  estimated  to  reflect  the 
above  considerations. 


B~3  RADIO  DATA  LIH$ 


In  several  .of  the  candidate  systems,  the  onboard  vessel  informa¬ 
tion  i3  data  linked  to  a  sherd  station  or  center  for  data  processing. 


assimilation,  and  recording,  In  these  systems  the  operational  relia¬ 
bility  of  the  link  13  of  extreme  importance  since  the  entire  history  of 
the  vessel  dump  mission  is  predicated  on  the  data  being  transmitted 
from  the  vessel  and  received  a^  the  shore  center,  Tho  influence  of 
weather  environment  on  the  data  link  essentially  involves  the  electro- 

i 

magnetic  wave  propagation  considerations  discussed  in  B-2  but  is  more 
oritical  duo  to  typically  lower  pov;er  availability  aboard  the  dump 


vessel  to  transmit  data  link  signals.  In  addition,  the  data  content  is 

i 

contained  on  tho  received  signal  which  mu3t  bo  processed  to  extract  the 


information,  thereby  resulting 
tivo  to  receiver  input  noise. 


in  some  signal  loss,  and  is  more  sensi- 
Thua,  tho  operational  reliability  of  a 


Ml 


data  link  system  is  somewhat  less  reliable  than  the  vessel  location. 

navigational  systems  discussed  briefly  in  B-2. 

The  data  link,  if  used  for  transmission  of  dump  signal  statin;  from 

the  barge  to  tho  towing  vessel  would  utilise  an  operating  frequency  in 

the  VHP  band  since  the  transmission  path  is  in  the  order  of  1200  yards 

and  line-of-sight  limitation  is  not  a  problem.  Required  transmitting 

« 

power  at  this  short  range  is  minimal  and  estimated  to  be  on  tho  order  of 
several  hundred  milliwatts.  For  the  vessel  to  shore  data  link,  however, 
line-ox-sight  frequencies  cannot  be  used  and  operating  frequencies  in 
the  Iff  or  HF  band  would  be  required  for  transmission  of  signals  at  a 
distance  100  run  from  shore. 

B-4  SSMD  TESTS  ON  AUTOMATIC  EL4CKISS  LORAN  RECEIVER 

During  the  study,  SSMD  performed  tests  on  a  Nelco  Autofix  500 
Loran  receiver  manufactured  by  the  Nautical  Electronics  Company  of 
Baltimore,  Maryland.  These  tests  were  made  to  determine  the  operational 
difficulty  in  acquiring  and  locking  on  both  Loran  A  and  Loran  C  signals, 
and  the  capability  of  the  receiver  to  automatically  track  signals  in  the 
New  York  harbor  area. 

Tiro  Nelco  receivers  were  installed  in  a  station  wagon  by 
Nelco  for  Sperry,  and  a  simple  whip  antenna  used  fer  signal  detection. 
The  station  wagon  was  driven  to  various  piers  and  docks  along  Manhattan 
and  Loran  A,  (Loran  C  at  times) ,  time  differet:  oo  signals  wore  recorded 
as  well  as  signal  to  noise  ratios  at  critical  locations.  The  results 
of  the  experiment  are  summarized  by  the  following  remarks. 


Operational  procedures  to  acquire  and  lock  on  Loran  A 
signals  is  relatively  simple  with  the  Nelco  Autofix  500 
receiver.  Loran  C  acquisition  is  somewhat  mere  difficult 

i 

due  to  signal  strength  of  the  Dana  Air  Force  Station  slave 

and  noise  levels  in  the  Manhattan  area.  j 

The  Nelco  receiver  showed  excellent  tracking  capability 

0 

except  under  low  bridges  and  ‘runnels  where  the  signal 
was  lost.  This  was  not  unexpected  since  normal  radio 
broadcast  signals  are  lost  under  similar  circumstances. 

At  all  docks  and  piers  where  checks  were  raadG,  acquisition 
and  lock-on  of  signals  was  successfully  demonstrated. 
Either  Loran  A  or  Loran  C  could  be  utilized  as  a  vessel 
location  subsystem  for  the  DMSj  Loran  A  is  preferred, 
however,  due  to  the  relative  ease  of  acquiring  and  locking 
on  of  the  Loran  A  signals. 
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C-l  HYPERBOLIC  SYSTEMS 

The  hyperbolic  navigation  systems  considered  in  the  study  in¬ 
clude  Omega,  Differential  Omega,  Loran  C,  Lor  an  A  and  Docca,  Tho  sub- 
sections  following  briefly  describe  the  fundamental  operating  character¬ 
istics  of  these  systems  and,  in  particular,  factors  relevant  to  uti¬ 
lisation  of  the  systems  for  the  DM5. 

C-1,1  Omega  * 

1 

Omega  is  a  long  r*jnge  radio  navigation  system  utilising  phase 

difference  measurements  of  10.2  KHz  carrier  frequencies  received  from 

i 

each  of  two  stations  whoso  transmissions  are  phased  synchronised. 
Hyperbolic  lines-of~positdons  of  constant  phase  difference  with  the 
stations  lying  at  the  focji  of  tho  hyperboles  provide  a  position  fix  at 
the  intersection  of  the  two  lines-of-position.  The  accuracy  of  tho 
fix  is  proportional  to  tho  LOP  angles  of  intersections,  90°  being  opti¬ 
mum.  Characteristic  of  CW  phase  measuring  systems,  cyclic  ambiguity 
causes  isophasos  LOPs  or  lanes  every  8  nm.  To  increase  tho  lane  ambiguity, 
the  stations  cyclically  transmit  tho  Cl!  wave  3  at  several  frequencies; 
i.e.,  10.2  KHs,  13.6  KHs  and  11.33  XHs,  with  a  0.2  co e,  off  period  bo- 
tween  each  transmission.  With  a  two  frequency  receiver,  the  resolution 

or  lane  ambiguity  increases  to  24  mu  and  with  a  three  frequency  rc- 

i 

ceivor  improves  to  72  rua.  Gone rally,  with  some  minimal  dead  reckoning 
navigation  equipment  aboard  the  vessel,  3.ano  ambiguity  is  easily  re¬ 
solved.  A  typical  functional  block  diagram  of  an  0.»«ga  navigation 
rocoivor  i.3  3hown  in  Figure  C-l, 
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As  discussed  in  Appendix  F,  the  proposition  of  Onega  signals 
conforms  to  the  earth-ionosphere  wave  guide  which  has  a  diurnally  vary¬ 
ing  dir.ion3.ion  along  the  propagation  path.  This  variation  in  ionospheric 
height  produces  an  effective  variation  in  propagation  velocity  which 
must  bo  compensated  for  as  a  function  of  time  and  approximate  position 


to  assure  predictablo  phase  comparison,  The  variation  predictions, 

4 

known  as  skywavo  corrections,  have  boon  tabulated  based  on  a  prediction 
model  as  a  function  of  time  and  day  for  specific  locations,  Uosults 
of  measurement  programs  have  shown  an  operational  accuracy  of  1-2  urn 
HJ£>  depending  on  time  of  day.  Improved  accuracy  is  possible  using  tho 

i 

Differential  Omega  approach  discussed  in  soma  detail  in  section  C-1,2. 

i 

C-1,2  Differentirt 

- - - - , 

In  the  Differential  Omega  concept,  a  remote  Omega  receiver  at 

4 

a  known  geographic  location  is  utilized  to  correct  certain  unpredict¬ 
able  propagation  anomalies,  thereby  resulting  in  improved  fix  accuracy. 

i: 

It  is  assumed  that  the  Omega  receiver  used  for  position  fixing  i3  ex¬ 
periencing  the  same  unpredictable  variations  as  the  remote  Omega  re¬ 
ceiver  at  tho  known  location  and  honcc  suitable  corrections  may  bo 
determined  and  applied  to  correct  the  data  measure*!  by  the  actual  navi¬ 


gational  receiver.  This  approach  removes  tima  dependent  errors  and 
increases  accuracy  repeatability  to  approach  tho  relative  accuracy  of 
the  two  receivers  operating  in  a  simultaneous  environment.  Experi¬ 


mental  data  obtained  with  Differential  Onega  shows  an  improvement  of 

t 

4:1  over  a  conventional  Omega  system  with  aver ago  LOP  oxTors  of  4-7 
centicyoloa  at  night  and  1-3  centicydos  during  the  day  (l  .couticyole 
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equuls  approximately  1  microsecond  which  is  150  mot era  on  the  basolino). 
Thu3 ,  tho  Differential  Omega  concept  is  recommended  over  Omega  for  uso 
as  a  Di’53  vessel  location  subsystem  for  tho  small  cost  of  an  additional 
remote  shore  based  receiver, 

C-1.3  Loran  C 

Loran  C  utilizes  ground  waves  at  somewhat  higher  frequency 
(100  KHz)  than  Omega  but  still  providos  long  range  coverage  (approxi¬ 
mately  1000  iiift) .  Tho  concept  used  in  Loran  C  is  the  measurement  of  the 
line  of  arrival  of  pulse^  transmitted  from  two  stations  which  generates 
hyperbolic  line3  of  equaj.  time  difference  with  the  foci  located  at  the 
stations.  To  obtain  n  position  fix,  two  LOPs  ai*c  required  and  thu3 

I 

three  stations  (one  master  and  two  slaves)  are  necessary.  Unlike  Omoga, 
tho  uso  of  pul3e  transmission  rather  than  CH  transmission  provides  a 

Jr. 

means  of  discerning  the  slcywave  from  the  ground  wave.  Skywave  contami- 

i; 

nation  can  be  expected  starting  at  30'Usec  from  the  start  of  the  pulse, 
and  hence  with  Loran  C  only  the  first  throe  cycles  aro  used  by  the  re¬ 
ceiver.  Fine  time  difference  measurements  are  accomplished  by  phase 
difference  measurements  of  the  carrier  frequencies  with  ambiguity 
avoided  by  the  coarse  time  difference  measurement. 

All  Loran  C  transmitters  operate  at  a  frequency  within  tho 
90-110  KHz  band.  The  roaster  station  transmits  its  pulses  in  groups  of 

i 

nine  at  a  repetition  rate  of  10  to  25  groups  per  second.  There  are 

i 

five  basic  rates  each  having  eight  specific  rates.  Spacing  botvoen 
pulses  in  tho  group  i3  1000  usee.  After  the  master  transmits  its 
pulaes,  a  slave  station  transmits  an  oight  pulse  group  also  spaced 


1000  usoc.  The  time  between  master  and  slave  transmission  is  at  least 
equal  to  the  one-way  time  from  master  to  slave  plus  an  additional 
ZOOO^sec  to  allow  the  skywave  to  die  dovm.  Still  later,  the  next  slave 
transmits  its  eight  pul3os.  The  use  of  a  train  of  pul so 3  increases  tho 

I 

average  power  transmitted  similar*  to  tho  use  of  pulse  compression  in 

1 

radar.  Each  pulse  within  a  group  may  have  its  RF  cycles  in  phase  or 
180°  out  of  phase  with  an  established  reference,  thereby  providing 
identification  of  station  chains,  and  serves  as  a  communication  be¬ 
tween  stations. 

Because  of  atmospheric  noise  which,  when  viewed  ovor  the  20  KHz 
receiver  bandwidth,  is  20  db  higher  coupled  with  as  much  as  120  db 
difference  in  signal  strengths  between  station  and  perhaps  35  db  of 
interference  signals,  the  I>oran  C  receiver  requires  a  very  high  effect¬ 
ive  selectivity,  ar.d  filtering  using  electromechanical  or  digital  servo 
loops  with  slow  3poeds  and  long  integration  times  (~  10  sec.)  i3  re¬ 
quired.  Initial  search  and  acquisition  of  the  signal  may  take  up  to 
10  minutes. 

The  chief  parameters  affecting  Loran  C  accuracy  are  stability 

•  a 

of  propagation  and  tho  crossing  angle  of  tho  hyperbolic  IX)Ps,  Although 
propagation  variations  of  up  to  O.A^uscc  Imo  boon  observed,  thoy  can 
be  partly  compensated  and  propagation  error 3: soldom  exceed  0,1  usee. 

In  the  Eastern  0.3.  chain,  considerable  data  has  been  obtained  at 

i 

stations  showing  an  error  radius  of  800  ft.  for  %$  annual  average. 


C-1.4  Loran  A 


Loran  A  is  similar  in  operational  concept  to  Loran  C  but  utilises 
higher  operating  frequencies  (approximately  2  MHz).  This  higher  fre¬ 
quency  limits  its  operational  range  and  Loran  A  is  utilised  primarily 
for  marine  navigation  near  shore.  The  system  utilises  a  master  and 
two  slaves;  the  slaves  normally  about  200  milos  from  tho  master.  To 
distinguish  various  chains  from  each  othor,  three  carrier  frequencies 
are  used:  1850,  1900  and  1950  KHz.  (Twenty-four  sets  of  pulse  ropeti- 
tion  rates  with  half-amplitude  pulse  durations  of  40  j*scc  with  a 
21  psec  rise  time).  The  'master  transmitted  pulses  are  received  by  the 
slave  station  and,  aftexj  a  fixod  time  delay,  are  retransmitted.  The 
differential  delay  botwe^n  tho  reception  of  the  master  and  slave  pulses 

i 

provides  a  line-of-pocition,  two  LOPs  required  for  a  fix.  The  accuracy 

t 

of  Loran  A  depends,  as  with  Loran  C  and  Omega,  on  the  hyperbolic  LOPs 

crossing  angle,  as  well  ms  the  accuracy  of  pulso-tine  matching  in  the 

i; 

receiver  and  slavo  repetition  accuracy.  Total  measurement  error  is  on 
the  order  of  1.5  pseo.  Along  the  base  line  between  stations  accuracy 
la  on  the  order  of  1000  ft.  vheroos  at  extreme  ranges  (~800  nm)  and 
at  right  angles  to  the  baso  lino,  it  la  on  the  order  of  0.5  on. 


C-1.5  Oocoa 

The  British  developed  Oecoa  system  is  a  hyperbolic  radio  naviga¬ 
tion  ay  a  torn  which  utilises  low  frequency  (70  to  1J0  KKa)  CM  transmission 
signals  from  a  master  and  three  slave  stations  to  provide  a  position 
fix.  Bach  station  tranam.Ua  a  stable  CU  frequency  signal  that  boors  a 
fixod  relntionrhip  to  tho  frequencies  of  the  other  three  stations. 


Phaso  comparison  of  tho  signals  produces  hyperbolic  L  -)?  where  tho  phases 
aro  equal.  Typical  froquenci.es  transmitted  would  bo  ns  follows: 

Mastor  Station:  85  KHs  (6  f) 

Red  Slave  Station:  113.333  (8  f) 

Green  Slave  Station:  127.500  (9  f) 

Purple  Slave  Station:  70.833  (5  f) 

These  freque.:cio3  aro  multiples  of  frequency  f  which  in  this  cane  in 
14*166  XHs,  The  roceivor  incoming  frequency  signals  aro  multiplied  by 
factors  to”  produce  frequency  differences  for  the  stations  which  aro 
either  30  f  (Purple),  18  f  (Green)  or  24  f  (Rod) .  Theso  differences 
are  measured  by  a  pirns  a  meter  of  the  continuously  integrating  typo 
(decomoter)  vhich  indicates  total  and  fractions  of  cyolo  that  tho  ro- 
coivor  passed  through.  Instrument  accuracy  is  on  the  order  of  1/50  of 
a  lano  corresponding  to  5  yards  along  tho  bnaoline. 

The  Decoa  system  utilises  a  lano  identification  tochniquo  for 
solution  of  tho  lano  ambiguity  problem.  Each  station  trancuita,  in 
addition  to  its  fine  fixing  signal,  a  lano  Identification  signal  by  a 
second  transit  tar  st  spool  fled  intervals.  This  technique,  coupled 
with  a  comparison  of  tha  f  frequency  for  each  of  tho  throe  phaso  com¬ 
parison  system  for  half  a  second,  reduces  lane  ambiguity  to  l/lOO  cf 
s  lane. 

Practical  coverage  for  B«c<*  «?  United  to  clout  200  m  btc^tje 

i 

of  oontlnuoua  rave  propAgation  ard  f*:y sevo  cot  1®?! ration,  Pigure  0-2 

t 

presents  accuracy  oontoura  of  Dnscn  or  the  USA  Past  cosat  as  a  func¬ 
tion  of  season  end  ti«r,o  for  95#£  probability  of  fix  accuracies. 

l 


~t>. 
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C-2  RDF 

Tho  uso  of  ground  based  radio  direction  finders  for  fix  locations 
has  boon  utilised  for  ran/  yoara  end  its  application  to  tho  DJ .’3  is  a 
natural  consideration.  In  this  system,  trauciaiusicns  frea  the  voacol 
«ro  recoived  at  two  chore  RDP  stations  from  which  betaines  to  tho  vessels 
aro  measured)  ths  two  bearings  uniquely  fix  vassal  location.  The  taaie 

9 

principle  of  direction  filing  (DP)  i:$  tho  mocrureuent  of  differontJtd 
distance  to  the  tran^  litter  using  a  loop  or  Adcock  type  antenna.  Currents 
generated  in  each  vortical  segment  of  tho  loop  1‘tfluced  by  vertically 
polarised  transmissions,  whoa  equal  In  ai^pliUvlc  and  phase,  result  uhvn 
the  loop  is  CO0  to  tbo  direction  of  tho  arrived  signal.  Whilo  mny  types 
of  RDP  antennas  era  in  use,  tho  /dcock  typo  is  perhaps  ro>t  attractive 
for  a  shoro-boacd  RDP  station.  In  its  simplest  fora,  this  antenna  con¬ 
sists  of  two  vortical  antennas  connected  to  a  receiver.  Operation  la 
aiMilar  to  tho  loop  antenna,  ihe  null  indicating  signal  direction. 

Duo  to  the  sloe  of  antanma  utilised  in  the  400  KC  to  3  KU  range, 

j 

physical  rotation  of  tho  antenna  is  not  practical  and  a  goniometer  in 

i 

conjunction  with  four  or  oigh^  antenna  towers  in  ustd.  The  gor.iosuter 

\ 

is  an  inat  inant  consisting  off- two  sets  of  winding*  wt  right  angle®  to 

each  ot'icr  with  a  central  rotor  whi^h  \n  offset  translates  the  received 

rwfitio  field  at  the  anti-anas  irko  a  miniature  isagnntic  field  i;\  which 

the  rater  operates.  T‘«  e  «^gle  output  of  the  genioactcr  rate*  then  pro- 

i 

vidas  thn  di*«*etien  of  the  signal* 

Accuracy  of  an  £f»/  syat&a  dtps -ii  n*>t  only  o*»  I  as  trvr  .station 
error*  bat  also  on  asternal  snsr  fa-  e«-ih  *•*  Interforenoo 

I 

» 
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i 


offocts,  polarization  errors,  tilt  of  the  ionosphei’ic  layer,  and  site 
irregularities.  In  a  modern  ROK  system  such  as  the  Marconi  S/,80,  bear¬ 
ing  accui’acieo  of  +1  degree,  ?.  with  calibration  corrections  are  pos- 
siolo.  At  night  with  sfcywave  contamination,  however,  accuracy  may  reach 
2°  at  100  n»  and  as  much  as  4°  at  500  nm. 


i  ..  * 


C-3  RADAR 

Vessel  location  using  a  shore-based  radar  is  determined  from  the 
time  elapsed  between  transmission  and  reception  of  a  radar  signal  (range) 
end  the  radar  beam  antenna  directivity  (bearing).  The  operating  prin¬ 
ciples  of  a  radar  in  its  simplest  form  utilize  a  transmitter  which 
generates  high  power,  short  duration  pulses  which  are  x'adiatod  in  a 
narrow  beam  by  a  paracolic  reflector  which  is  rotated  in  azimuth.  When 

the  pulses  strike  tho  target, •  a  snail  amount  of*  power  Is  rad in had  back 

\ 

to  the  antenna  which  is  amplifier  in  a  receiver.  The  receiver  output 

-  i 

is  displayed  on  a  PPI  indicator}  the  radial  scan  is  generated  in  syn¬ 


chronism  with  the  transmitted  tpulso  rate  and  a  rotary  scan  with  the 
azimuth  rotati'  O.  rate.  This  causes  a  spot  to  be  illuminated  on  the 
PPI  in  which  the  distance  and  kziniuth  are  proportional  to  the  true 
position  of  the  target,  j 

When  tho  target  is  cooperative  as  in  the  case  of  the  DI-S  vessel, 
a  secondary  radar  (radar  beacon  transponder)  can  be  used  which  reduces 
power  requirements  of  the  radat  transmitter  and  reduces  clutter  by 


v:  transmitts* 

V<1_  Ml.SllI  .-I'M  < 


utilizing  different  frequenoiojj,  Modulation  techniques  can  be  in¬ 
corporated  on  the  beacon  to  prAvl.de  vessel  Identification  and  other 

I 

coded  data.  I 


0-10 


The  frequency  of  radar  operation  varies?  depending  on  range, 
environment  used  and  accuracy  required.  Generally  radar  range  accuracy, 
which  is  primarily  a  function  of  pulse  duration  and  display  resolution, 
is  on  tho  order  of  1000  ft.  and  bearing  accuracy,  which  depends  on  azi¬ 
muth  beam  width,  less  than  1°.  Because  of  the  high  operating  frequencies 
of  radar  systems,  line-of-sight  limitations  prevent  range  coverage  out 
to  100  ran. 


i 

! 


C-ll 


Appendix  D 


Equipment  Specification 
for 

Sea  Dump  ibnitoring  System 


GP -13-1123  (IIP) 


15  July  1971 


I 


system!!  fv'A.vAr.iiJML'f-jr  division 


ECU  if • 


EQUIPS?  SPECIFICATION 

FOR 

SEA  DUFF  MONITORING 

' 

• 

SYSTEM  (DMS) 

L 

J 

NAME 

APPROVALS 

DAT,E 

POSITION 

?.  Bizaitfotti 

7/15/71 

Rssoarah  Section  Hoad 

J.  Charlton 


7/15/71 


Pro'Tra 


SPEOincAiiOM  ru'w and  gati- 

08-13-1123  (UP) 


r  no.  K'-.e  i 


1  17 

pace.*  ..or  .:!•/. 


;i*tc  mo. 


naUli*,V:Gf!T  £PEC!F!C;\Y10M 


DRAFT 

SENSING 

UNIT 


^  ANTEHIA  I  | 

[“LORM  |  |  | 

I  RECEIVERS]' - PRINTER 
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BASIC  SYSTEM  (LEPS)  ! 


DELPS  (Used  on  One  Vessel  when  Draft  Sensing  is  Desired) 


SIDS  -  Set  Spec.  No.  03-13-1125  (UP) 

(Used  on  towed  scow  when  draft  sensing  is  desired  and 
tug  is  equipped  with  LEPS) 
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DRAFT 

SEISING 

UNIT 


RECORDER 

UNIT 
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3.1.3  Functional.  Flow  Diagram  and  Interfax  Signals 
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10 - 


15 - 


20 - 


25 — I 
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35- 


Tho  systcn  functional  flow  diagram  and.  the  system  electrical  inter¬ 
face  signals  shall  bo  as  specified  in  Figure  2  and  Table  1,  respectively. 

3.1.4  Physical  Arrangement  and  Major  Components 

The  following  is  a  list  of  tho  eight  major  components  of  the  DM3. 
With  tho  exception  of  the  antenna  and  coupler,  all  equipment  shall  bo 
mounted  in  one  rack-aid-pimel . typo  case,  Unit  Designation  (UD)  103  or 
103A.  Tho  only  interface  between  this  case  and  the  ship  shall  be 
power  Input . 


m/ 


UD 

cqmpquf.it 

SySTPM 

J\PIR0X.JSIZS 

DMSCRIPTTOil 

101 

AUTEUI  A 

1 

155*  Ft. 

VERTICAL  ViHIP 

102,103 

LOR  Ail  ROVR 

2 

14Rx9*tL2" 

IIELCO  AUTO-FIX  500  MODIFIED 

104 

PRINTER  MIT 

1 

9nx6nxl3a 

NEWPORT  LAfS  800  MODIFIED 

OR  MONSANTO  MODEL  5UA  MOD. 

105 

STENTS  UNIT 

3. 

9nx5,!:clOK 

SSMD  CUSTOM.  DESIGN 

106 

F.0PT.  RACK 

1 

26«xl9n:<20“ 

S3MD  CUSTOM  DESIGN 

Oil, 

OfTIGN  1  (for 

iioii  ‘Wiio.CC 

*t  ;v»  .  .  A  ...  .1,  ...  ...  f  .  "I  .1.1  .  \  .  I 

-•-’J  vi  *J  ii.wwiy  iyJi  vi/i i  iw  U V  > a1J.«A *JJ . '3  /  •  | 

106A 

EQPT.  RACK 

1 

I6":02nx20" 

SSMD  CUSTOM  DESIGN 

PLUS, 

OPTION  2  (for 

use  when  positive  dump 

seusing  13  desired): 

107 

DRAFT  SENSING 

1 

10'!x5nxL7" 

SSMD  COSSGX  DESIGN 

unit 
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iV  tV’AD 


LIME  NO. 


SYSTEMS  MANAGEMENT  taiVitilON 


kg  » i  j  r  iV; :  j  r  t? ;• !  cay  i  o » i 


From  To  Pujootiojri 

Ant/Coupler  I<ovan  Loran  Station 

Ho co Ivors  Signals 


loran  Rcvr  Printor 


Iot-f.n  Lins  of 
Position  ffl 

Operating  Status 
Loran  Rcvr.  ffl 


Evants  Unit  AutoTrack  Alarm 


Straw!  Chor?.ctor3  sti.c 

R?>  1  uv  to  .lv 


BCD,  4-wiros  each  of  4  columns 


BCD,  1-v/ire  ^O"  r:  lnoporablo 


BCD,  1  wire,  1  »  Loss  of  Automatic 
Track 


•  Print  Inhibit  BCD,  1  wire,  =  Inhibit 


Loran  Rcvr.  Printer  Unit  Loren  LOP  p. 

P  } 

1  ”  Operating  Status 

i  lor.  Rcvr  .y'2 

*'  Events  Unit  Auto  Track  Alima 


BCD,  4  wires  Each  of  4  Columns 
BCD,  1  wive,  :’0”  -  Inoperable 
BCD.  1  wire  "1 "  ~  loss  of  AuLc-matic 


i  Print  Inhibit  BCD,  1  wire,  iA:  Inhibit 


Events  Unit  Printer  Uiiit  Elapsed  Time 

i; 

"  n  \  Vessel  Ident. 

"  n  !  Events 

”  ■’  i  Print  Command 


BCD,  24  hr.,  HHMM,  4  wiros  en.  of 
4  col. 

BCD,  P re -Sit,  4  wires  ea.  of  2  col. 

BCD,  Coded,  4  wiros,  1  Column 
BCD,  «1»  =  Print 


Note,  All  BCD  Signals:  "0”  is  «  l.Ovto  +  0.5V  DC;  "I"  is  +2.4v  to ’+  7.0v  DC 

Draft  Sensing  Printor  Unit  Draft  Signals  Diccreto  switch  closures  ct  follow- 
Unit  iug  fractional  parts  of  full  load; 

1/4,  1/2,  5/8,  3/4,  13/14,  7/8, 
TABLE  1  «A6,  r0«,. 

Syster.i  FJ.ootr.icsl  Interface  S.i  gaols 
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EQUIPtiF.f!T  SPECIFICATION 


3.1.5 


Detailed  Features 


!D 


3.1. 5.1  Operating  Modes 

The  following  operational  or  status  nodes  shall  bo  provided: 

.  Power-off  Mode 
.  Transit  Mode 
.  Dump  Mod© 

.  Test  Mode 

3 .1.5 .1.1  Power-off  Mode 

The  power  off  mode  shall  be  the  de-energized  status  of  the  K1S  and 
shall  be  available  for  application  when  the  system  functions  are  not  required 
or  when  malfunction,  maintenance,  shipment  or  other  requirements  necessitate 
withdrawal  of  power.  ’ 

3. 1.5. 1.2  Transit  Mode 

The  transit  ::«de  i  j  the  normal  operating  mode  used  enrouta  to  ar.d  frei. 
the  dump  site.  A  nnxi.muni  of  :  ton  minute  warm  up  3hall  bo  roquired.  Minimal  crow 
!  operational  participation  shell  he  required  in  thin  mode  and  shall  be  JLimi ted 
I  to  initialisation  settings  arid  normal  acquisition  of  Loran  Master  stations. 

In  this  mo do,  continuous  monitoring  of  location  of  tho  vessel  shall  be  provided 
by  tuo  auto tracking  Loren  receivers,  and  shall  bs  recorded  at  every  six  (6) 
minutos  which  ’.dll  result  in  h  history  of  the  entire  mission.  In  thi3  node, 
the  operator  shall  be  able  to';  record  significant  events  by  depressing  appropriate 
buttons  on  the  events  unit,  i 

]  ' 

3. 1*5. 1.3  Dump  Mode 

The  dump  male  shall  be  initiated  upon  command  by  tho  vessel  captain 
by  depressing  tho  "Dumping  How*  events  button  to  signify  tho  initiation  of 
dump  and  tho  "Dumping  Completed"  button  to  signify  the  completion  of  dump.  Upon 
depression  of  those  and  any  other  "3/onts"  buttons,  the  vessel  location  shall 
be  recorded  every  15  seconds  for  a  two  sdnuto  poriod, 

! 

3.1. 5.1. 4  Tost  Mode 

Tlio  tost  B>.»de  shall!  ©’..vnonoe  following  activations  of  tho  test  rode 
switch  and  won  :l  be  onioned  rot-anlly  at  dockside  prior  to  and  after  return  of 
a  d.up  wi  i.don  to  ascertain  proper  equipment  operation.  A3  a  miniawn,  this  tcoda 
shall  provide  gross  n-rlfbnctUrfi  indication’*  of  tho  Loran  receivers  ar.d  various 
events  buttons.  An  alc.ru  shill  bo  sounded  end  a  light  lit  when  the  Loran 
receivers  3oca  lock. 


K.'CC  NO. 


SM  34'  I 


00-13-1123  (HP) 


i 
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OATf: 

7-15  ?1 


rw™  j  is/  r 

!  j  GVIi rf-:f .'/.AfCAfit.Mrf'.'T  I 


XU  i  :  i'  f  ; 

;  j-.i  .1  .  .  I  »  ...  1 


no. 


13.1.5*2  KeJ.n  Ssquonco 


Koinol  operational  modeing  ooquonco  uhnll  to  a:j  follows: 

.  Power-off  K<jde 
.  Tent  node 
.  Transit  irodo 
.  Damp  icoclo 
.  Transit  reedo 
.  Tost  r»do 
.  Fowor-off  mode 


«r» — 13. 1.5*3  Kloctrical  Poyoi* 


ihe  K-S5  oqaipr'.ant  shill  bo  encr£»v.ed  fxc-i  the  following  chip  power 


source: 


so—  .  DC,  lfcmin.il.ty  32V  (HV  to  50V ),  nor.inolty  ICO  ’watts 

'1 

3.1. 5.4  Cooling  lt>iuirc5l.oivts 

The  K  ‘.‘>  shall  operate  without  nurd  of  external  coding  ox*  hosting 
as — devices  fcv  the  Service  c-iuJit:  or* a  spectfjUd  in 

b  i  r.  r.  rv-..v. 

U/mJL  *J  +  J  M.6I 


Tho  operating  concept  is  based  on  the  captain  or  other  person  in 
so—  authority  eddi-g  jufernr-.t^on  to  the  recorded  data  rv.ch  .vt  typo  of  waste,  date 
and  hour  at  the  start  ar/Lond  of  the  dtsap  trip,  together  with  a  signed  otaten-ant 
that  tho  data  was  not  :run\ piloted,  and  tran^lttlng  the  rceax-d  to  the  Corps  of 
&Vjinnov3  via  U.S.  rails, > shoeing  a  postsork  no  later  than  12  hours  after 
return  to  docic. 

39 — 

3.2  Character! e  tic s 

3.2.1  Perforwnncs  Character  b.tica 

_  Tha  K3J  r’*aU  prcvb'a  the  required  function*  within  tin  required 

”  (sccavacicn  r *>-35 If. led  lw»voln  vr.d-.r  an/  natural  cert,?  nations  of  c-  »r/ico  cecal  win;.:: 
listed  in  psirjraph  3*2.7  and  f  wile wing  tho  opera tirg  serviced  prosfjtcd 

Ln  imvgr?*>jh  3*1. 5.2. 


3.2. 1.1  IX:.  v  Eateot'on 

4*.— 

Ym  JftM.inMoe  of  dsup  cMIX  he  ir  Jica'c-i  tv  nrcs-i.*:\f  who  ai)  wpi.tg 
bw*  o-.untw  Uit‘;oa.  the  <ey;pUth*  \  c.C  eh  v  kV«U  he  i  d  \  *ir,jnwt»int 

tho  "IbajiUfj  Ouaplot’e”  cv-.uVo  butt- a.  In  ;uW\il<w.  a  ilr  *ft  Sousing  Halt  Ja 
deployed,  Viand.  draft  fh  11  la  s;  ♦.ua*.r«.'d  to  an  rr  -uy  of  Zf,  o  '  tho  dr.  Ht  aatVa 
*#•  -of  daeh  switch,  oj^lutirts  «V  wbslty  amv. 


CO  13*112.)  (::.') 


7  15  M 


V=' 


LINE  NO. 


<■ "i  •  -v 

SJYiiTi-M  J  MAI-IAiifiMK.MT  OIV1S: 


£L 


CQ*Ji:>r«1*:i'ilT  S^ECiTiCAYlOM 


j_  3. 2. 1.2  Vnasol  location  Accuracy 

The  bya tea  shall  dotomlno  and  record  location  of  the  vessel 
ulthin  the  following  porfonranco  limits. 


DlflUrncc  Proa  Harbor 

10  M  Hi 
100  H  Hi 


CKP  Error,  Vassal  Location 

0.15  H  Hi 
0.25  R  Ml 


,»_  3.2.2  Physical  Characteristics 

3.2.2. 1  Total  Weight  and  Sis* 

The  total  weight  and  else  of  tho  HMS  onboard  equipments  sbtll.be 

M _ consistent  with  good  design  practices  for  the  intcrulod  application.  Sits 

and  weight  of  major  cquipeant* shall  be  limited  by  the  requirement  for  single 
nan  portability  of  an  individual  component,  and  shall  be  on  specified  in  the 
iJotailad  equipment  specifications.  Tbs  nominal  system  v eight  shell  bo  85 
rounds,  Tho  rexir/jn  of  r.  single  In^tallaiCLo  unit  shall  not  exceed  45f  • 


5.2.2 .2  Tmapei-proof 

_  Tbs  systoa  equipments  shall,  to  the  maximum  extent  practicable, 

~  irovide  security  frou  unauthorised  adjustment  erwJ/or  tanparing.  Whore 
loui table  and  practicable,  suitable  enulosures  and  fastening  devices  shall  be 
irovidsd  to  discounts  abaci  of  equipments  or  willful  modification  of  system 
'unction  to  defeat  the  intended  purpose  of  tits  ISO. 

5.2. 2.3  Syote?  Installation*  *ad  Intwxdvrntpability 

The  Dr-3  shall  to  d©i»^vyi  for  asny  installation  aboard  t»sge  end 
jclf'-nropailvd  dip  vessels.  Tha  oquiprwnt  rack  would  bo  located  profarrsbty  in 
tho  vbcal  bouse.  15’,e  entoma  tiuuld  b«  located  as  high  at  shore  entsnuaa).  Tho 
w  _  3raft  Sens  tug  Unit  wcu,M-  bs  located  holou  decks  ro  that  it  ctayo  bjlo’r  the  y?ttr 
Urn  «csl  typically  wavs ’id  to  counocbcsl  on  tho  .wiipbaard  aide  of  an  eidatlag  aea 
aock  In  a  s<«a  water  intr.lo  liwf.  Although  such  installation  "any  be  eustatUaod, 
,>a«h  rajor  ccwtpjucni  ar*l  tho  oirtiro  rack  shall  be  ir.tcv^h  an . *ol e  with  ot foe? 
ttoLlar.ly  varied  units  vithout^o'UflcaUon  or  cdjsi*U»^\t  >C  the  aquipgsat  other 
. , .  when  pre-sot  v>j^cl  .njeati  tiers  f  >k1  dr^Ct  sotUnga. 

f 

J.2.2,4  hjrtahility 

Tho  fi*S,  ci^  nia?,ly  *ti*a  booic  systsw  L"I*S,  4tU  he  “you ‘ahlo*  in 
She  Ms  tt  sy^i-xi  e,-«  ho  c?vrl.*d  r'o.ml  a  roa-iul  ch  >vt  lx  tic  *  end  ro- 
tt  -  iutHr;c  *vln  v  r  l  or  r  >  r  ilfieeMon.  tVsa  u .?!  In  Uda  ite/,  tho 

ba  c?  -?rd  to  ^asd  villa  or  *  *" — „  . 

i  \ 


t.v^  .*  4 


a  *  *  '  > 


itiM?  1123  (if?)’  '  I***'  745-71  ~jj 


$  17 
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71  Tv-s^r' 

|  t^v.s t vA:r'..MAM.v.;,,M^N r  i3ivi‘.*u‘if  j 
♦ 

*  1**1 

»  •, 

u::n  no. 


other  iulliMo  oxlivi^  structure  and  the  cable  through  3;:!  ‘  Lir  • 

cnblovayu,  openings,  etc.  Tho  only  r.hipj  intariV.ee  r:  :u Ire  1  shall  be  a  properly 
fused  end  grounded  r  .yj-ic  Input  concsotJo.i  to  the  :.  -.1  rno’c.  Tho  tnt  at 
of  thl3  requirement  ij  to  perrdt  ur»  of  the  systori  or.  v.  .i.:-«ls  only  oc.v»j»  t  .H-aUy 
rsklng  a  trip  to  tho  dut:p  si  to  3  uitoi-o  it  is  not  dorirod  io  fvrfbi  .4  a  costly 

vessel  modification  to  accept  tho  cruii--.ont  or  to  azzinx  a  ;:y.-:tca  just  for  that 
vtronol. 

3.2.3  Reliability 

3.2. 3.1  Operational  14.fo 

Tho  equit-.onfc  shall  hnvo  a  rlninn  total  ot. -orating  life  of  500)  ho»tro 
vithout  r.ajar  ovor’cul  but  includh'g  servicing  fvi  r-;p.V.c \v>rt  t  cf  ports. 

Servicing  Kothods  sr.nl  1  preserve  and  mints  Jin  the  dj.ii>;n  htdy* 

3.2. 3.2  Operational  stability 

* 

Tho  cquipaeat,  shall  rutisfy  tho  require -.ents  of  this  spooJ  fie  lions 
cont? nuourly  or  in'.  .-.  >!  t|..r.Uy  for  a  p-sriod  of  at  )  haurs*  vlthnit 

necessity  for  any  cdjuytr.’rit.a  other  titan  norm!  operation. 

3.2. 3. 3  ftslia&J  llty  is  Mean  Tn.e  Hefrjca  rntlurw 

The  n^uip.Mtnt’  under  norml  eperatin.j  envivonrt.-tU  ah*U  Uvo  1  p«*m 

tiao  betuer.-j  failrxoe  of  4C0  tour*. 


3.2.4  Kalntatnnb!  Hty 

?>.i»ie.Kutea  n^iill  be  bftsrd  neon  a  concept  of:  only  providing 
roplaeaeent  of  fbtso*,  etc.,  & t  «a»;  «of;*tlly  rcnlaclng  unite  (e.r  Kvants 
unit)  4a<&M4st  no  v-!ly  ‘ replacing  plug  -in  mrer. hlioe  at  a  rtpir  depot;  and, 
replacing,  w>viilsd  p-u' Is  and  picce-i  at  the  v.ceot  or  factory,  *.•;  apuroprift t*i . 

3. 2. 4.1  &!‘4i$s&eat  KnintainaMlity 

the  R<S  s^l.l  Knva  n  ;*?  To  Kv>?.*r  (hff.i)  of  1.2 

hentrv.  Tho  HfTR  iv  her;!;?  no  y**>  a«.s re**  u*'<  to  *r;riW  cerreettvn 

nelnUrvu'e*;  action 

,  Aver*-  j 4  ti-o  *0  rwvw  fnuU/  T?*-t 

.  Avera^a  U-*  *0  tr ?*■-.'.*  •»  fa;U%w  a  rep'.wMc  ji;  „r 
rt  vviatc;u.-;.i 

*  **■""  w  rc'w’  f  or  V*  f  ■' 1  m;>U*;e  ~tn% 

Vith  4  f it=f  t 

.  Avar-  *a  C4y?  *£*.*«*  W  -Int  ie«  .:•».'*/  i  ;j  i*..-,  l* 

(c‘-  v;  ?a  **  rty>!.  ) 
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Tho  specified  MTTR  does  not  include  logistics/achinistrativo 
time  for  shipping  or  transporting  the  faulty  equipment  to  and  from  thG  vessel. 

3. 2. 4. 2  naintecance  Man  Hours  per  Operating  Hour  (MMH/OH) 

i 

i 

The  RiS  equipment  average  in  maintenance  man  hours  per  operating 
hour  shall  not  exceed  0.03.  • 

3. 2.4.3  Built-in  Tost  Features  * 


Tho  equipment  shall  have  built-in  test  features  to  record  the  status 
of  each  Loran  receiver  and  to  indicate  the  lcs3  of  automatic  tx-ack  of  each 
Lcran  signal  by  sounding  an  alarm  ouaacr  and  lighting  a  flashing  panel  lamp. 
Sijnilarly,  t: i  alava  shall  bo  provided  to  indicate  an  impending  loss  of  paper  suppl 

3.2.5  Availability 

Tho  MS  shall  have  a  maximum  downtime  of  2  hours  for  dockside 
repair  following  announcement  of  a  needed  repaix*  and  arrival  dockside  of  a 
trained  maintenance  man  with  spares  and  normal  test  equipment. 


3.2.6 


Service  Ambient  Conditions 


ul«  t;’^Uj.j;:uoiiu3  isnuca.  uptx'uoc:  iidw.ai aovjtxI>  unuor  atXy  ox  wi « 

environraental  service  conditions  or  reasonable  combinations  of  these  conditions 
as  specif  led  below. 

3. 2.6.1  Ambient  Temperature 

The  DMS  shall  function  in  an  ambient  temperature  environment  of 
*35°F  to  i'100°?  without  the  requirement  for  external  heating  or  cooling.  The 
antenna  shall  function  in  an  anfoioiifc  of  ~20°F  to  +150°F. 

3. 2.6.2  Sea  State 

The  IKS  shall  function  in  all  sea  state  conditions  up  to  Beaufort 
scale  8  (galo  force  ’winds  of  40  Kts). 

3. 2.6. 3  Relative  Humidity  . 

The  DMS  shall  function  properly  at- all  relative  huiidditj.es  ■  normally 
encountered  in  tho  salt-sea  atmosphei’e.  ! 


3. 2.6.4  Rain,  Snow,  Ice  j 

The  antenna  shall  function  properly  exposed  to  all  normal  rain, 
snow,  and  ice  encountered  at  3ea.  (The  remainder  of  tho  DMS  is  in  the  protection 
w—  of  tho  chip) . 
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3.2.7 


Handling  for  Maintenance 


Deployment  and  logistic  support  of  tho  './ill  necessitate 
transporting t of  equipments  to  and  from  dockside  from  maintenance  and  spares 
depots,  requiring  a  minimum  number  of  personnel  for  handling,  installation 
and  removal  from  the  vessel.  The  IMS  shall  bo  designed  to  permit  one-man 
maintenance  and  transporting  of  system  units. 

3.3  Design  and  Construction 

Tho  design  and  construction  of  the  DMS  shall  bo  in  accordance  with 
tho  following  subparagraphs . 

3.3*1  Materials,  Processes,  and  Parts 

In  tho  selection  of  materials  and  parts  for  the  DMS ,  fulfillment  of 
the  major  objectives  of  'the  system  shall  bo  tho  prime  consideration .  Emphasis 
of  the  environments I  and* service  conditions  imposed  on  the  equipments  shall  bo 
s  major  consideration  ini  tho  design  and  selection  of  system  components. 
Materials  end  processes  shall  be  utilized,  whore  appropriate,  which  minimize 
deterioration  and  corrosion  due  to  the  salt-sea  atmosphere. 

3. 3.1.1  Cabling  arid  Cpu.ieo  tors 

i 

The  DM.?  equipments  shall  use  cables  and  connectors  to  be  specified 
by  the  contractor.  j. 

3. 3. 1.2  Standard  Parts  and  Materials 

; 

The  DMS  equipments  shall  utilize,  where  feasible,  standard 
commercial  parts  and  materials .  Non-standard  parts  including  electronic 
tubes,  diodes  and  transistors  shall  be  permitted  when  component  porfomanoo 
degradation  or  system  reliability  is  significantly  reduced  by  using  standard 
parts. 

3.3.2  Nameplates  and  Product  Marking 

Nameplates  and  product  corking  for  equipment  identification  shall 

be  In  accordance  with  standards  to  bo  specified  by  contractor  tend  will  clearly 
show  ownership  of  equipment  by  tho  Corps  of  Engineers. 

3.3.3  Work-vsnsMp 

Workmanship  drill  be  of  high,  quality  to  ensure  fulfillment  of  tho 
design  objective  of  tho  IMS.  Military  specification  KiL-STD-454,  requirement 
9  shall  so  we  as  a  quido  in  tho  design  and  procure  r.e.it  of  parts  am  equipment 
—  t/hich  might  largely  follow  best  commercial  practice. 


:}i*sc  mo. 


G3  •13-11 23  (tiP) 


7-15-71 


M  34V1 


'■  ■  r:,  ro 


if  fr;  wo. 


'.-.VL-n r..v.;  f/V,NAcv;.M.  Nr  oi'/.^il^j 


HQUsr;vifini'«;--5cir-ic/vnc?-i 


8  — 


10 - 


10- 


20- 


30- 


35- 


•;o 


3.3.4 


Interchangeability 


The  DMS  equipments  and  component  parts  shall  permit  interchangeability 
with  other  manufacutred  or  supplied  designated  equipment  and  parts  unleo3 
stipulated  differently  by  model,  drawing  changes  or  other  information  by 
contract  or  order.  The  interchange  of  units  shall  not  significantly  alter 
system  performance  or  reliability. 


3.3.5 


Safety 


The  iXiS  design  shall  assure  operational  .  fety  of  the  vessel  crew 
and/or  mair.tai.na.me  personnel.  The  electrical  sysl  ...  shall  provide  suitable 
fusing  and  grounding  of  equipments  to  minimise  electrical  shock  hazards. 

The  equi|a?orii  shall  not  exhaust  any  flarr.ab.lo,  explosive,  or  toxic  gas  during 
normal  operation  or  at  elevated  temperatures  up  to  250°F  ambient. 


3.4 

contract. 

3.5 

3.5.1 


Documentation 

I 

Documentation  requirements,  if  any,  shall  bo  as  specified  in  the 


Logistics 


Hi’. xu oenauce  fiuiosopny 


50- 


The  system  shall  be  designed  to  require  minimum  maintenance  and 
adjustment  over  its  service  Life.  Maintenance  shall  bo  performed  on  a  unit 
modular  level  at  designated  maintenance  depots  and/or  equipment  manufacturer 
facilities.  Shipboard  maintenance  at  dockside  shall  be  considered  only  to 
the  extent  of  replacement  of  fuses,  adjustments,  and  replacement  of  separately 
installable  units.  ; 

r 

3.5.2  Shop  or  Field  Testing 

\ 

Major  replaceable  units  shall  provide,  to  the  extent  practical, 
specific  test  points  for  ease  fof  field  and  shop  testing  and  maintenance.  Access 
to  these  test  points  shall  be  provided  utilizing  equipment  cover  plates  and/or 
by  unit  removal  from  the  equipment  rack. 

3.5*3  Spares  Supply 

The  spares  supplied  for  the  DMS  shall  bo  a3  specified  in  the  contract. 

i 

3.5.4  Facilities  and  Fqu.ip/nsnta 

i 

Maintenance  depots  jshull  provide  suitable  test  facilities  and 
equipments  to  permit  fault  isolation  and  corrective  maintenance  of  malfunctioning 


[units,  and  general  equipment  1 
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performed  by  the  equipment  manufacturer. 
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Docksid.c  I'opaiv  shall  bo  possible  using  no  ;aoro  than  a  standard  volt- 
onwetsr  and  oscilloscope. 


3.6 


Personnel  and  Training 


The  BIS  shall  bo  designed  to  bo  operated,  installed,  and  maintained 
by  reasonably  qualified  trained  personnel,  The  vessel  captain's  operational 
task  shall  be  Minimal,  requiring  virtually  no  training  except  for-  operational 
instruction. 


3.7 


Major  Component  Characteristics 


The  character!, sties  of  the  major  components  of  the  DMS  shall  bo 
as  described  below. 

3.7.1  Antenna,  Unit  Designation  101,  (U1XL01) 

The  antenna  shall  bo  a  vertical  whip  marine  style  antenna  approximately 
15  foot  in  length  and  .loaded  to  operate  at  Loran  A  frequency  (1900kha). 


3.7.2 


Loran  Receivers,  UD  .102  and  UD  103 


The  CMS  comprises  two  Loran  A  receivers,  UD  102  and  UD  103,  each 
approximately  14!'  wide  x  9"  high  x  12w  deep,  such  as  Nautical  Electronics  Co., 
Inc  model  auto fix  5C0  receiver  modified  slightly  for  this  application.  The 
perfonnanco  characteristics  of  the  Loran  receivers  shall  be  as  follows: 


.  Sensitivity 
.  Signal -to-noise 
.  Differential  Gain 
.  Spurious  rejection 
.  Image  rejection 
,  Bandwidth,  6  db 
.  Acquisition 

.  Track 

.  Lons-of--track-.Alana 


.  Receiver  Status 


1  uv  or  better 
10  db  or  bettor 
SO  db  or  more 
at  least  60  db 
•at  least  SO  db 
24  Khz 

Master,  manual}  slave,  automatic  hunt 
and  lock 
Automatic 

BCD  signal  for  automatic  Judication 
(J.osR“Of~tvaek  condition  also  shall  bo 
readily  rlstso tabic  by  Evirrcnl  observation 
of  CRT)  i 

BCD  s.’ gni.il  to  printer  for  con  id  nuns 
recording  of  receiver  status 

i 
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LO?  output 
.  LOP  read-out 
.  Print  Inhibit  output 


.  CRT 


.  PKF 

.  Pront  Panel  Controls 


BCD,  4  wire  signal  for  each  of  4  colu.~n3 
to  printer  for  recording  of  tuo  4-<il#it  L  OP’s 
Displayed  on  Ki.de  tubes  visible 
on  front  panel 

BCD  signal  to  inhibit  print  command  so 
that  recording  is  not  attempted  during 
the  interval  when  the  Loran  LOP 
registers  are  being  updated. 

Visible  in  daylight  without  hood,  to 
show  position  of  pedestal  gates  and 
Loran  envelopes 

AFC  to  lock  on  Loran  station  prf 
Minimized  with  appropriate  interlocks 
to  ensure  proper,  simple  operation. 


20 _  3.7*3  Printer  Unit,  (UD  104) 

The  Printer  fynib,  UD  104,  shall  be  approximately  9”  wide  x  6"  high 
3?  18"  deep,  such  as  Hewpirt  Laboratories  model  800  modified  slightly  for  this 
application,  or  approximately  8"  high  x  5"  high  :<  16"  deep  for  Monsanto  Model 
5 11 A  codified  slightly,'  .This  shall  bo  a  21  column  printer  with  alpha-numeric 
25  printout  (on  3  1/2  inch  paper  tape)  of  the  data  in  various  columns  as  indicated 

*Plvi  1-xi  r>-»  «vt  i^nrl  ui  tli  n^rolfol  iwhv’V  RfW  fl  iCTlfll  *?  uhflrfl  S 

#<  »  *  **  *  ^  *  ■  n  .  •  •.  ••  ■•  **  •  .  ...  •  -  (  *•  •  «  *•  *-  ■*  ^ 

"0“  is  from  Ov  to  +0.p¥WJ  and  a  “i"  is  from  + 2.4V  Lo-i-> .Uv  DC.  The  printer 
shall  record  data  each  time  it  receives  a  print  command.  A  vialbJo  and  audi.ble 
alarm  shall  bo  provided  |o  indicate  an  impending  need  for  replacement  of  paper. 


Column  l’ 

1  and  2  ’ 

3  ♦ 

4  and  5 
6  thru  9 
10 
11 

12  thru  15 
16 

17 

18  thru  21 
Events  Unit  (UD  1C  5) 


Function 

Vessel  identification 

Event 

Spares 

Elapsed  time 
Draft  (when  used) 

Loran  receiver  ft 2  status 

Loran  LOP  //2 

D.inp  status  (if  used) 

Loran  reooivor  ftl  status 
Loi’an  LOP  fl 


l’ho  ovents  iut.it,  UP  105,  is  a  custom  designed  unit  approximately 
9"  wlilo  x  5"  high  x  10"  deep.  It  shall  contain  an  electronic  olook  with 
4-coIcmn  BCD  output  for  recording  elapsed  time.  It  shall  provide  a  print 
so —  con. i-. Uul  to  the  printer  nprically  ovary  six  (6)  minute  but  every  15  seconds  for 
two  minutes  fol.lou.lrg  each  event .  It  shall  dolay  a  print  coirovmd  to  the  prints 
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for  'che  required  sliort  interval  if  it  roeeivos  a  print  inhibit  nigral  fvot\  tho 
I.oran  receivers.  It  oholl  sonr.d  a  tusiwr  end  light  a  flashing  pr.i.ol  light  if  a 
I  signal  i;;  received  indicating  loss  of  nufca-inbic  Lo.vnn  lock.  It  ulm.ll  transmit 
|  a  two  colutrti  pro-set  vosoo.1  identification  ECO  signal  to  the  printer.  It  skill 
tiTjrsiMit  l-col\m  BOD  signals  to  the  printer  in  rospenso  to  depression  of  tho 
following  !levont!l  button:!.  The  ‘'changeable1*  events  buttons  5  through  1.0  shall 
be  provided  to  acconorlnte  different  vessels,  routes,  etc,,  cud  shall  have 
provisions  for  tho  appropriate  cu:; Ionised  kings. 


Button 

1 

2 

3 

4 

5 

6 

7  thru  9 
10 


Bvent 

*’  i 

Leaving  dock  nov 
Starting  dump  now 
Completing  ditnp  now 
Return  to  dock  no w 

Passing  fix  point  jfi  (s.g.,  Buoy  *3GC») 
Passing  fix  point  i?2  (e.g.,  Ambrose) 
Throe  additional  eustoiiiisod  evonb3 
"Mark  l!ow,!  (for  synolirorJLiiing  with  STBS) 


3.7.5  Equipment  Rack  (U;)  X06  or  UD  106A) 

The  equipment  rack,  shall  bo  a  custom-designed  housing  for  tfJl 1  s  103 
■  through  107  inch;  .  .o/o ^  (fill  i/nl/h.3  c  f  tho  co'.ivploto  CMS  except  tho  anbvona  and 
Coupler  Unit),  and  shall  provide  for  ticking  the  interconnection  to  ships  power 
and  a  suitable  scored.  ine  equips  >. ,1.  ,  :ieXf  UD  103,*,  api.ru.,J..-.-.,w..Ig'  1  O'  wid,*  ** 

3?.,!  high  x  20"  deep  ia  available  as  an  option  for  use  whoro  less  floor  or  bench 
space  is  available  in  the  vossal  wheelhouae.  The  specific  Equlpwnt  Rack  to 

'  be  delivered  shall  be  as  specified  5.n  the  contract, 

» 

3.7.6  Draft  Sensing  Unit  ‘<UD  10?) 

Tho  Draft  Sensing  Unit,  UD  107,  is  a  custou  designed  unit  approximately  | 

.  10"  wide  x  5"  high  x  17 deep;.  It  shall  contain  eight  adjustable  pressure 
switches,  such  as  i'alotcon  Model  2221*9,  and  a  pressure  line  for  1/4"  IPS 
conr action.  Tho  switches  ncvsMly  shall  bo  act  to  throw  at  tho  following 
fractional  part3  of  full  load?  1/4,  l/2j  5/S,  3/4,  13/16,  7/3,  15/16,  hiU, 

The  unit  shall  withstand  a  pedssuro  of  65  p»:i  without  darcaga.  Tho  contract 
.  shall  specify  the  quantity  of !  systems  ordered  which  shall  bo  provided  with  UD  107. 

4*  <4ual.it/  Acsurance  Provisions 

4.1  General 

Tho  equipment  cover-jd  by  this  specification  shall  bo  subjected 
to  tbor.o  inspections  and  toot.-]  during  mwCacturo  which  avo  consistent  with 
tho  ia©;» ifactMJ'crs  nr»Tvu*l  quality  cocuvcnoo  fo\*  boat  carrv.rcial  pructico. 

4*2  Accoptau.ee  Tests  » 

.  Acceptance  of  the  d!v>  shall  be  i  t  contractor* n  ph  ut,  bused  upon 
tests  povfomed  by  eontvoetorf  at  Vo  facilities  a.x\/i:.v  sub;;  -.ntwotor  facilities. 
Tho  blr'rcrchy  of  aecrib.nv'o  trots  .:'\r>ll  bo  Iv.a-vi  on  i.»*t  prior  to  rye  ton 

teats  .ud  skill  bo  .r.-D  fc>  dc  .r,wtr.»t ,  cxiveli.  non  wilW  tho  :f  gulf  burnt 
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s —  performance  requirements  of  thin  specification, 

4,3  Special  Tests 

i 

Requirements  for  special  testa,  reliability  tests,,  maintainability 
io—  demonstrations ,  etc,,  if  any,  sliall  be  separately  established,  ' 

5.  Preparation  for  DaHvCiy 

5.1  Packaging 

is — 

The  units  of  the  DM3  shall  bo  packaged  for  delivery  in  accord 
with  boat  corraorcial  practice, 

5.2  Shipping 

20 — 

Shipping  sliall  bo  to  locations  and  shall  use  carriers  and  routes 
specified  by  customer. 
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2. 


Hof or ,-.*iC3  S cclCioa  felon 


Equip tont  Spao.lflc'.vy.cn  for  Sou  Br.ap  Tooitovin^  Syatt-i,  luubor 
0U-l>Uiy(K?)#  <ht*J  15  Jtrty  1971  ♦ 
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3*1 


r.oqttiiv.rvirito 

Cohf.t^u?aW.o?i 


Tito  CVS  . -r- . rl  in  ir.  few  fcs-ra,  T.V?S  or  Pit.'*;?*  Tho 

!?P3  ocr^nl'  i.:  6  I'ulVxj  l\j  kHl-ti  cot  kv.f  i  7  uoifes,  oo  folV.s  o«d  as 
.a  *:\  .’JL-ws  I. 
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1  civji  3a;?lver 
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BquJLvv^*  R.icJc 


1 

2 

1 

1 
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15+  ffc.  -Sip 
14*v  x  V3h  x  lv.’d 
9*v  x  6Bh  x  l!i*d 
9*v  x  5*h  x  30"d 
26"v  x  19  H  s  20"d 
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or,  optic;*  1  (for  u»  'Men  Isas  floor/H«ich  njic*  is  ^suilaMo)  i 
106A  Vqwlr-tn*  3* ck  1  I6*v  x  3~**H  x  20“* 

plus  option  2  (uixA  vhcn  rMift  la  dwirad) 

107  firof  t  \1lw5  IVlt  1  10av  x  r«  *  17“d 

Iiirt'Had  Arttaigvjsent,  Kovntlns,  .nvl  7*jr.dhtto& 


1U  lV-,‘3  vo?.* a  rwjnl  y.rj  1  tV.vtt*  nra  la  oro  raA-ocd- 

fvJisl  typo  t’tr#,  U01O6  vi  Ti»l&  ;*.fe  KiOk  (D;Uj£j  or  U310&A)  shall 

b*  looted  lit  >Ua  >v.*n?  vhnal>^*4*  *  Vh>  si,  UPXO.,  ill'll 

bo  J«o*.Vr<  1’;'  *■  J;t*:h  ofe  13  foil  frca  tjny 

4  \*.r‘*  fw»  rr.y  v«.*Ue*i  &\pt 
fhi  w'f  th'  r/*s  ?U  b-»  so  a* 
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I  I.INE  NO. 
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DKLPfl 


LSPS 


Antenna 


^1 


UD  101  j 

l _ I 

j  J#  (TBA) 


Cable  #1  (P/if  TBA) 
BO  58  0 


Draft 

Sending 

6hlt 


W[  PtfCnuO 


P£  (TBA) 


j  Coupler  j 

. 

j  Equipment  Rack 
■ 

|  CD  106  or  106A 

rr - - 


|M..tf(®  ajl _ ; 


(A)  (B)  (C)  P#  (tea) 


_H*  ~1' 

Slips 
Power 
32V  DC 


Ship's 

Ground 


12-wiro  Signal  Cable 


Pit  ire  1  -  Installed  System  Interconnections 
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3  5 

PACE. 


TTW.Tfa 


r.MJ 

...a  i-.l  t  v. 


SY3IKK1S  fAU^/AViM'NT  C5lVJ3T3a\l  I  Ik'fi'ib  nC.llli'iViOMV  imcOi r!C;Yi  JOM 


UNC  NO. 


32  V  DC. 


WOT  UtMOOttClBLE 


Electrical  Power 


The  £343  requires  a  nominal  ICO  W  of  electric  power  at  a  nominal 


j  3«4  Electrical  Connections 

The  Ef'S  interconnections  shall  be  as  shown  in  Figaro  1.  The  only 
external  connections  to  the  US  shall  bo  as  shown  to  Ship's  power  and  ships 
ground.  The  wire  sixes  shall  be  compatible  with  the  required  system  drain, 
nominally  ICO  watts  mxlTfium.  Tho  ships  power  shall  be  norni null/  32  V  DC 
(although  11  V  DC  to  65  V  DG  acceptable) .  K?  Cables  #1  and  #2  shall  be 
made  to  length,  using  5<3  V  coaxial  cable  and 

ships  ground  lead  shall  be  at  least  ;/l2  &1G  directly  to  a  suitable  rf  ground. 
All  wiring  shall,  be  in  accord  with  best  ship  practice. 

3.5  Portable  Configuration 

The  filfCCE  may  provide  a  portable  CMS  for  temporary  use  abcai*d  a 
vessel  which  only  occasionally  requires  a  CMS.  The  vessei  elir.ll  bo  prepared 
by  selecting  suitable  locally  and  Kountingo  for: the  antenna,  the  coupler 
unit  and  the  ecu l orient  rsrtrt  V.v  >«v*vi dlv?  suitable  shins'  rovor  and  nrcund 

in  a  plug,  r,f(i‘BA/ ,  obtained  ifrua  iixDCo.  The  antenna  unit  of  tho  portable 
EI3  is  already  equipped  with  ^aivoi  sal  mounting  bracket  s  for  temporarily 
clamping  to  suitable  ships  structure.  The  equipment  rack  may  be 
laahed  down  if  hard  counting  is  not  practical  in  tfca  temporary  installation. 

A  30  ft.  long  r~f  antenna  cable  is  provided  with  the  portable  DMS. 

J 

4.  Quality  Assurance  ’Provisions 


4-1  Inspection  1 

l 

Inspection  of  the  vessel  preparation  shall  bo  accomplished  by 
vessel  owner  or  Ills  agent  and  shall  be  subject  to  review  and  approval  by 
NYCCE  prior  to  installation  of  equipment. 

I 

4.2  Checkout  I 


Checkout  of  tho  installed  equipment  shall  be  accomplished  by 
lYDCo  or  its  designee  in  tho  preso/ioo  of  ths  owner  or  his  ago  at  and  shall 
determine  that  tho  installed  equipment  is  funo tior.ir.g  properly. 

4.3  Operator  Training  j 

I 

The  system  requ:i  res  very  little  attention  during  nov.w.1  operation 
(replacement  of  recorder  ribbon  and  paper,  acquisition  of  Lornn  paster  signals, 
operation  of  events  buttons,  etc.).  "This  is  retvrilly  o.  rcopvncibVlity  ci’  the 
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L*  EQUIPMENT  SP'JCiiFiCATIOil 


I  INS  NO. 


•"  Captain  and  is  sometimes  delegated  to  the I?irot  Kate.  Training  in  these 
relatively  simple  procedures  will  be  provided  once  (to  the  cxr.or,  the  Captain, 
and  the  Mate)  preferrably  at  the  time  of  equipment  checkout. 

5.  Notes 

10 — 

5.1  Titles  to  Equipment 

* 

The  equipment  of  the  Dl'S  shall  remain  tho  proper  tyo'f  the  NY 
Distx’ict,  (J.  S.  Coro:’  of  Engineers.  Tampering  with  the  equipment  and/or 
,s —  recorded  data  is  not  permitted,  under  penalty  of  lav.  Only  normal  operation 
and  replacement  of  pi*intsr  ribbon,  paper  tape  and  fuses  accessible  on  tho 
front  panel  ere  permitted  without  express  written  permission  of  NYDC3.  Each 
indication  or  suspicion.  of  system  malfunction  or  need  i'or  other  maintenance 
shall  be  promptly  reported  (e.g.,  by  radio  or  telephone)  to  iff  DOE.  The 
2o —  IIYDCE  will  be  permitted) ; timely  access  for  servicing  and  removal/ replacement 
of  equipment,  \ 

l 

5.2  Use  of  Navigation  Information 


On  tho  front*  panel  of  tho  Loren  receivers  are  presented  t-hs  tiro 
Loran  A  current  linos -of^  tsosition  as  detorwlnod  by  the  hHS.  Those  T.O?!s  may 
wO  U*3w"i*  Ciii  Li  ittiV •. uiOii  JX'.u  Si/  uilo  uiSC'L  J’OiUU  Ui  liiO  UcpC^Uli  VijL  iihou  t/  O i/li i^cl cion 
on  tho  part  of  the  U.  S.i  Corps  of  Eagineei'S. 
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SCOW  IHDXCATIKCf  lAUF? 
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POSITION 
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40  — 


45 


no- 
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:43  i 


ecu  i.- i.i  swr  S;*uc  i  i: !  a-vr  i  o.-i 


hot  reproducible 


1, 


Scope 


Thvs  specification  cutcblichse  tin  porfcr.v.'nco,  design, 
development  and  test  requircaenti?  i'ov  a  draft  sensing  oubsys ten  to  provide 
dotectj.cn  of  ocean  dumping  by  towed  scows,  hereinafter  called  the  Scow 
Indicating  Draft  Sysfcea  (oXf.3) , 


2. 


Applicable  Documents 


The  cqu5.p-.vrat  for  tins  system  shall  be  designed  and  rncnuCactaved 
to  best  coinorcial  practice  and  accordingly  no  l-tili  specs  arc  involved* 


3* 

3.1 


Requirements 
Systea  Bofinitieti 


The  SID3  is  intended  to  provide  detection  and  rsbntfcoring  of 
ocean  cluaiping  by  tewed  doiio  coouq  in  c-ow junction  with  an  installed  ISPS 
(bovsivvvoiits  Ur.iV-rriufcar  $»3t*y)  ahe-.vd  the  tc-wing  tag,  The  8IB3  shell 
provide  ?'5esurereat  of  scow  draft  with  c^vipmorit  to  record  draft  changes  tov 
tb*  cevvai  *fco  o«r;  iiis.-.ia.r,*  Cor. -elation  cf  the  Clfii  ir  shaded  draft 

data  with  the  1.333  r  ecorded  data  is  aocouplishsd  by  the  tr.g  Captain  using  a 

•j..  ...  *  . . f.  •  ...■»  .  ...  ..*/  .  .  j.  .  .  — - -• - *  ^ _ _  -.v.. 

i'tvU  h  i  u./  U-  ;»  .  .if  .VA.  Ml  }.~  1{.>JL  l?*.»  WJ/vM  A  .»•!•  •*•»-*  v.v.  ;^ 

jrd.eaic.-ti  aa  well  an  tho  “Cyaping  now"  event  recorded  by  the  HU'S  digital 
printer  co:*.parsd  to  an  expected  change  in  draft  of  the  3cow  as  recorded  by 
SIDS,  i 

I 

I 

3,1,1  General  Description 

\ 

Tho  SIDS  shall  Ir.eoi'pox’a to  draft  sensing  end  recording 
equipneats  to  provide  the  required  syntsia  function  vrith  ia.irJ.v:cl  operational 
participation  by  crow  and  sh-;0.  be  capable  of  installation  and  operation  cn 
various  types  of  dsrap  scows,  i 

i. 

3*1,2  IXunp  Mins. ions  • 

The  SICS  installed  cn  towed  scows  shall  provide  monitoring  of 
scow  draft  for  tho  duration  oj?  tho  dvwip  y.tceion  to  both  near  shore  end  long 
range  duo?  sites ,  Fission  tines.  corresponding  to  these  dvup  via  alone  varies 
but  for  s purification  prvposop,  10  hour  end  40  hour  rdsoion  tbnes, 
respective]./  shall  bo  ccnald-  pd  cppliefolo, 

3*1*3  Functional  Flow ’Ding  van  ond  I-itovfa.ee  Signals 

The  SX.D3  fvmcW.K'.'l  flow  diegv.n  and  ..xLeotvlcal  interface 
signals  jdnll  be  as  specified;  in  Figure  3.  and  Table  1. 
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mot  REPRODUCIBLE 


1  55ft  FliQfi&Sa 

Draft  Sensing  Unit  Recorder  Unit  fico-/  Draft  Change 


Ship's  Power 


3,1.4 


Rocordei*  Un5,t  Power 


fADLS  1  ~  SICS  SWJlRICAt.  liH^ACK 


Ply  si  cal  Arrangs-ront  and  Major  Ccapononts 


(Von  v  n  o  te’*is  tic 

Chr'igc,}  in  scow  draft 
at  stupa  of  .1/4,  1/2, 
5/S,  3/4,  13/16,  7/3, 
15/16,  i'v.ll 

Kceilnnlly  3  .0  watt 
at  12v  DO 


The  suajor  co’!’pov:oofc*j  of  SIDS  are  identified  in  fcha  following 
tahlo,  The  Drift  fonsing  Unit  (Ui)  201)  Kl  Oiio  installed  vithin  existing 
piping  on  Mv?  du»p  scows  and  the  Eoeordir.g  Unit  (Ui)  202)  shall  bo  installed 
ia  the  scow  dock  house  fit  a  location  convenient  fox*  thy  opor«tiou.?.l 

prosed: i vo  and  cor- ioing » 

II!)  Component 

201  Draft  Sensing  Unit 

202  Recorder  Unit 


9kd&a 
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Apuvox ,  Sr  ?e. 

10«x5,fxl7" 

8"xl4nx3.0'' 


Cusvtov.1  design  coiuprising  | 
pressure  ovltchoa  such  as 
Melotvcn  2221-9  i 

Caston  design  cenprioittg 
Analog  Recorder  such  as 
Eustr&k  2 <13 


3.1.5 

3.1.5.1 


Detailed  Features 
Operating  Modes 

Tha  fo3 ).o*. ring  operation?!  nodes  shall  bo  provided: 
o  Power-Off  Mode 


o  Operate  Mods 


3 *1*5 .1*1  Pow-r-Off  Mod j 


f 
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p  ;  redo  ♦>.**  U.  be  the  do-rvavpiKcd  ob'.Kio  of  i!l))3 

and  ch«.ll  Orn  a/shm  .Cvr.i'.tic.'i,  .my  not  requited  or  tdion  ml-* 

function,  iriafconwcc,  or  other  naqnJlY*  vnfc:  nco-vr.vlUto  vlbhd  of  pwvr, 


pm;  0125(1:;) 
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•  j  SYSTEMS.  MANAGEMENT  DlVIfilCN 


LlNt  UO. 


EQUIPMENT  SPECIFICATION 


WT  IICPtmctKE 


3«l«5*i«2  Operate  Hoclo 


75  va  op-rcnio  usds  shall  bo  entered  by  switch  activation  cf  tho 
recording  unit*  In  this*  oedo,  continual  monitoring  of  see*./  draft  to  end  from  t!:o 
dutra  pits  shall  bo  provided  by  aa  analog  recorder*  Tho  recording  ur.it  shall 
contain  a  nanufflly  ©pointed  Kosiaotaiy  hol&irg  s-./itcIi  used  for  tho  "l-ark-How” 
operating  preo^/r®  to  provide  sufficient  ti*a  to  eoapo&ftftto  for’  tlio  stylus 
print  cyolo  interval* 


3. 1*5. 2 


Electrical  Povror 


lbs  AIDS  equipment,  Roncally  energised  fren  tho  sect  power 
ccurco  no:ii»nl.ly  shall  require  1.0  vabt  at  12/  DO, 


3. 1*5*3 


Cooling  Hequimvento 


The  SIDS  shall  operate  vithoufc.'n-iecl  of  external  cooling  or 
heating  dovican  for  th®  service  conditions  specified  in  pasrgrapU  3*2,6* 


3  »1*5*4 


fXT  oa  yrrs^lsc  ion 


7hj  f.co./  draft  ivcacureaont  recording  along  with  tha  ISPS  digital 
pal. ;icr  tape  shall  ba  traasulivcd  to  tha  Corps  of  hngir.-: :ra  via  U.S*  nail  or 
Courier  vitliiti  a  tir^o  period  to  bo  specif  ted  by  the  DDE*  Tlw  operating  concept 
is  btujod  on  tha  tug  Captain  or  other  person  of  authority  validating  tho 
recorded  do.  la  by  a  allied  atat&vmt  attesting  to  tho  fact  that  tho  data  uca 
not  Bsnipulaied  and  providing  additional  infcro.vtion  to  tho  recorded  data  ouch 
a 3  type  of  vasts,  date  and  kern*  of  leaving  end  return  to  dock,  and  vessel 
identity. 

3.2  Characteristics 


3*2.1 


Perfcrrcsacs  Characteristics 


the  SIDS  shell  provide  recorded  nowuror’ent  of  tho  ceov  draft 
In  accordance  vith  the  Co.1  loving  inavuvantol  et»r>a  of  draft  relative  to  full 
Xml  draft:  .1/4,  .1/2,  5/6,  3/4,  13/i6,  7/S,  13/16,  and  Pull. 


3.2, 1.1 


Pr-cssuro  S; It cli  Accuracy 


The  proem.,  e  svltohcu  of  the  £  eft  Soaaiiyj  Un.lt  «Mll  bo 
activated  /Ith  a  pic/suro  repevtabiiity  of  cf  the  set  presru'e. 


3.2.3 .2 


3jccx.hr  Aesurnoy 


11: ,  recorder  unit  drive  rotor  ptv?JJ.  preside  a  chart  speed 
r.couvaoy  «.•?  ?;•  cf  A-s  no;  vl  operating  eptod.  Th:  t.  s-.Nllng  error  shall  not 
e  ie-.d  +.  V  i>i)  u«olc.  i 
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3*2.2  Pbyr.ic-0.  Cfc-irccft-ii-istXcs 

3.2.2.1  V‘A&&  and  35.7.3 


egu  i  s:-ur.j  i:  •  -j/v*  i  om 


HOT  Rtf«OOttCl»Lt 


Tho  tot?!  weight  o/.d  of  the  31 J#  onboard  oquf front  shell 
ba  consistent  with  y.ocd  practice?  foe  t-hs  jrtancbd  explication , 


3*2*2. 2 


Tmparproof 


The  cyntn  eqwijv-vnis  shall,  to  tho  n-.vcj.wtur*  extent  pre.ctic*Vlo, 
pro/J.cV)  security  frv*i  uvr.Uvhov.tzcd  cdj*wt.wat  or.tf/ov  t: . paring. 


3.2,2.3 


Sy-;tf“*  Inste13.at5.oi  r  .d  Iwhvrebr/igcnWllty 


Tho  3if3  shell,  b a  designed  for  eery  installation  c board  various 
types  of  du**p  ecoirs*  Tho  rccordl.-j  nr.it  valid  ba  typically  loo  '.ted  in  tho 
seo-./  dock  beano  end  tbs  cVoffc  cen?;t;w  unit  typicOly  installed  co  i>*e  inboard 
sica  of  o'.clotir;'  son.  coc*a  l-’-slov  tho  sooa  v;?.t«rHns .  Although  such 
inti-'llrAien  v.\y  bo  cust-xti/rJ.,  each  nr. it  s!:r.3.1  bo  ir.tovcfcra jee.Mo  with  other 
oiMilnely  sisrked  units  viihcit  rodifionticc,  (Mjncfcont  c?  tho  proncum 

r.  Vito  Vs  i:«  c.dttvd*) 


3.2.3 
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3 . 2.3.1  Opoxaticmti.  Id^o 


5000  hours  viidmt  vajov 
iwmt  of  parts 


The  er.uljxnont  ej«*ell  taro  a  uiriwua  total  operating  life  of 
aiout  vajov  ovsi|tvOL  but  inolndiiv*  r.orr:xl  servicing  and  repl 


ttp&RO* 


3*2«3.2  Opore.fciouel  Stability 

Tho  etpiipv.nt  el  'IX  satisfy  tho  vcquirv ’.vita  of  xbla 
specification  conti  rncvj.»Xy  ox* ‘intend  Itcntly  for  ?.  period  of  at  Xoeofc  400 
hours  without  nooosulty  fox"  *>/  ndjcsbuinV.  oilier  thin  nou.sl  epe raiinno . 

3.2,30  RaltaaJXity  of  mi  IkUs 

I  .  ■ 

fb»  pewsurn  s*:J  t;b.«  a*  Wv*  d;vft  n.riiiv'  unit  sK-lt  pro/ido  a 
jairira**  of  5G0.CC0  eyoXo.*  v.Utvvfc  foilu'c.  rho  recorder  ur.lt  of  vjvtirg  Ilf® 

shall  h*wo  an  Kfiy  of  itCO  honv.i, 

* 


3.2,4 


IKlnV  .•  *.n .  iiriJX  In  Hv-s*  V-  an  K\?  \V;wv‘>-  of 
rsplci at  of  >hs  Rcco.-dir  C»ii  **vl  thu  fl.vft  £•".;?-■ 1‘ *it>  ?*,  4  *  yVr.s^nt 
®?  dateUcd  yurt  4  *  ‘i  cc^xiti  Mi  th*  <v  f ..--s ?•'-*. v!  ito 
Rt*|C. I'iv.Oi.it  of  r*.0vi*  *.V  rv;  **«.  V*l  bs  >.t.s  :3i;ha*  t*»e*  A*'*, 
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I  L*,:-:r  no. 


CCUis  AIcMT  SPi!0>  FICA'nOM 


hot  reproducible 


3*2*4*J 


Zquip.&jnt  Main tui ;  ability 


Tta  3I!S  nquif  -u  .it  sfcdl  hnvo  &  Kean  1’lr.o  To  Rsy.iir  (M ?fft)  of 
1  huir  c^oTUvlin.j  lo'iiotics/adiinistrativs  tia». 


lo—l  3»2»4.2 


Built-In  Tost  Features 


tho  Recorder  Unit  thall  provide  &  puch-to~tcot  baifcsry  condition 
no  tor  to  provide  a.  visual  indication  of  Un  scow  battwy  vultago  lwol/  uoin^ 
a  depressed  sevo  notyu. 


3.2.5 


Servlco  Ambient  Co-niitlona . 


The  S.TC3  equip.  v;nts  sVaXI  operate  iatisfactoilly  undsr  CJ17  of 
ths  enviwawntal  service  coaaltloaa  or  reasonable  cc.ibimt.l0a3  of  those 
jq _  conditj.oaa  ft-  specified  in  t*ia  following  tVolo. 

t 

Aabient  Tei'ipore.ture:  0  to  1£0°P 

Sn  ty>s.U:  i'y*»?ort  ojaIs  3  (g?.Xo  force  winds  of  10  its) 

SoXnti/d  ftvidity:  As  ru>rw>riy  eacomtored  ia  a  tolW» 

at.WK/jrtVO.  * 

3.3  Lssi/n  u»d  Cv.Cit.->.ctiou 

The  design  and ;  cony  traction  of  tfao  Slid  shall  bo  in  ncoordanoo 
with  the  following  oubcxm^r.trv'is. 

3.3.1  Kate. dels,  Praje*Mti»  end  Parts 

In  tbj  enlocticf.i  of  awtoilsU  tad  parts  for  too  SIK**,  fulfJHas.it 
„  of  tha  rejor  objectives  of  tHa  uy*t»vi  shall  bo  tils  pi  lire  ccnsi  duration. 

~  Sxpiuuils  off  the  #nviron»atol)  «avd  a  ir  de  c  coudUiono  imposed  00  ©^d^ants 
jji.-xll  fc-  a  itajer  o.r*sid?.*snL4.on  in  tfc>»  do  ilga  *usd  aolftvtica  of  ayrvn 
co~.po.wntc.  KrtsvUli  and  iH-V-s-w  chvU  bs  utilised,  tffaotD  cpr-xpriato 
rhicli  nlrWAso  do  deration  ?\vl  worrooiot*  *10  to  the  stlfanca  c.tewipfcoro . 

*“*  3.3.1.1  C?1\U:\;  r.rj  C.vipjotors 

tlv?  *e;ti|;i  .r.t-i  shall  was  oahJoo  ar,tl  ooteioctoru  to  bo 
spocitifd  by  th?  «r;vtr«otof. 

4*  3.3.1.2  Ster’-.tt!  JTAKc.to.inU 

the  iHfG  #*£ilr  j.nU  g^<ll  utilise,  wbars  sUedeed 

^ ,'i  fe-vU  snt'Hj’.U*  4v5U" st^'c oct  fw?*3  **!*nll  bo  vjvt it od 
cii  p *a,  1  or  ayat-M  reli  Uitty  is  alc^ii.cmtly 

by  uda*  et ueHvi  £*&»* 
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3.3.2 


*!tf4Cp).0tft3  C'i'.d  Pixdvot  liit'kiKg 


Ihucflito-s  'nd  p.v-'-.ut  for  *.!i  ifiatif.leati.cn 

efoll  bo  in  acc4*0.*>-:sc3  ’.ith  8vc.ftv»uvl3  to  b  sjrcftlfi©;!  by  contccotor  ovwl 
•J.1X  ckwly  ch'/.f  cvnwsMLp  of  rtjolfswnfc  by  th*.  Corps  c? 


3.3.3 


I’orfx.  r.-ikip 


# 

r^Mp  0.1  bo  of  H  jh  quality  to  u;ww  tVI  iVIrrmt  of 
tho  <h??£*  cbj-viUv  j  of  thi  «CI3.  MlH'a:*/  ssp.xAflc  xfclo*  li:i. 
poiclw.irt  9  i'V.ll  ov/i  -a  ft  f.n *.<*•>  i*t  tb  4  j.r  ful  \ ^:it  of  i vota 
r.;*< i  c^oir.  ~n*,  :.*WLch  rd.^fc  ir^ly  fulXov'lcnb  cc  voir-.l  pr.xU.co* 

3.3.4  Lite*  eV*i\"c  ability 

Tho  SX£ >  Icul*  vsnfci  .nvi  eoxgurnt  parte  shall  pntnlfc  i>-tov~ 
c’.jc  . ’-ItH  othoj?  *..  .  u?  surpKcA  dcol’ju.tv'i  ftqsip^iat  ~*'A 

pvto  U'»X-.*3* s  t? 7**1  *•  t-l  Ju CcTenUy  by  ra*T-JL,  t’r  ng  o^r.j*  or  ofcV*v 
infoy )  by  contract  v*  oi  u-.  f*  ':‘-  j  of  or*iv*  ntatll  rot 

jl* ‘.‘if J  .'  *.  *  f,3'.  ,!i  r.*«n 'ft; .  *  c  \  &¥  /..Tv-. J  'y* 
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•fftfcj 
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S  £•?  «ftk 


-5  j:'  i 


Tho  fUf-.-i  <\.jl£n  til  iU  «-....Juro  ooir.'Ucu'l  ocfyty  of  tho  vo«»el 
oj.v’X  *cd/o%*  v'inUrt*:  oc  ^rconaul.  Vo*  olfiotric'.l  rysfcc'i  pvovido 

6Hi.lr.bll  furring  i-rvl  of  ft  |Ul|-  ««\to  f©  iXrrcnleaX  alieck 

hoards.  1 15  rrtvii  ^ife  f*itt  net  e?,*v.n*oft  f.  ’/  £1.  -.‘.bio,  turpi  coivo,  or 
t-r.i>3  juft’s  farJ  -  j  no*  *_•  1  or.-svati'Y*  or  at  vXcviicA  tcnporrius-co  up  to  250°? 
rt-Mont* 
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3.5 
3*3.3* 


Dw^.iatXn’i  lv^urs^  uVj,  if  *r\y»  sbrll  bo  ns  specified  Jn  tiu 
I<o*U  -Moo 

&»i wt«  rvwst  l^iloru^y 


th*s  ^yi*U*»  ;HU.  .!  V-  ,-sU  to  r^Jxo  r.l;?****  m  ^klsm*4 
fcdjn.ttor4t  ov  r  itc  au  -*s‘j  U?'*  ^  X  b?  -n  %  r  *At 

t  1  ft*  »**;.-.,*»  *r**  ,*  j*  *••  #  ••  ■'  *t  Jl't 
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EQUIP, Mk'NT  SPECIFICATION 


LINE  NO. 


10- 


3*5.2 


Shop  or  Field  Testing 


Major  replaceable  units  shall.  provide,  to  the  extent  practical, 
specific  test  points  for  ease  of  field  and  shop  testing  and  maintenance* 

Access  to  these  test  points  shall  be  provided  utilising  equipment  cover  plates 
and/or  by  unit  removal  f rosa  the  equipment  rack. 


US- 


20- 


25- 


3.5.3 

contract, 

3.5.4 


Sjxa rc3  Supply  * 

The  spares  supplied  for  the  SIDS  shall,  be  as  specified  in  the 
Facilities  nm l  Equipments 


Maintenance  depots  shall  provide  suitable  test  facilities  and 
equipments  to  permit  fault  isolation  ar.d  oorrective  as int ensues  of  fcal- 
functioning  units,  and  genorpl  equipment  servicing.  Repairs  requiring 
extensive  work  or  specislissed  servicing,  shall  be  performed  by  the  equipment 
manufacturer*  Dockside  repai  r  she. X  L  bo  accomplished  using  uo  wor  e  fiian  a 
standard  vo.ltohr  ■  asid  oscilloscope. 
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Per<3«>nnnX  and  '.rrni  hinff 


t. 
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35- 
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Vi'eC  tfO. 


SM  VVM 


Sensor  Rapes. 


•iability  at  Pressure  Set 

'C 


0  ?.V052UV0  PotV., 

o  Overt  ravel 
o  Uerci^'tj-.i'ocavtv'q  Without  Oe.vvy;s  . 


OfM.3  O.IRSU')' 


of  Rung© 
0,75  to  20  p3i 

0,?.  psi 
fcipal 


A*' 


The  SIB3  shall.'; ho  designed  to  be  operated,  installed,  and 
maintained  by  reascm&bly  qualified  trained  personnel .  Tlie  vessel  Captain 
■operational  task  is  minimal  Requiring  virtually  no  training  except  for 
operational  instruction,  t 

i 

3*7  Major  Component?  Characteristics 

1 

She  characteristics  of  the  major  components  of  the  SIDS  shall 
be  as  described  below*  ] 

1 

3.7.1  .Draft  Sensing  tV.it  (UD  201) 

i  • 

The  Draft  Scasipg  Unit  is  comprised  of  eight  adjustable 
pressure  switches  mounted  in  it  single  housing  which,  with  the  Recording  Unit 
series  resistor  bank  provides)  step  changes  in  circuit . resistance  when  the 
preset  pressure  switches  ir.akej contact*  B3  voltage  to*  the  circuit  as  providod 
by  thn  ads  ting  see  w  buttery*  The  pressure  s;/itches  shall  be  like  Keletron 
Model  no*  2221-9 »  Thu  ovox'al.j  else  of  the  housing  is  appivxir:VVl;ol  10,,::5,,xl7”  * 
The  draft  sensor  unit  will  'provide  -rcassurottCRt  of  atop  changes  of  vessel  draft 
relative  to  the  full  lead  crc^t  in  the  following  steps:  1/4,  1/2,  5/3,  3/4, 
13/1.6,  7/3,  15/16  end  Full,  the  performnee  crsracter.lstics  of  the  pressure 
switches  shall  bo  as  follows j{ 


OATS: 


± 


SYS? £*»V1S  M.WUa:M£NT  CHVlCaON 


j  i  •  ^  * » :  '• :  ,  r  >  :-Y*  i ; : !  o-  a  ~  1  <  >M 
mI?.i  :  1  %,i  Lv!)  »••{  n  .V*  i 


LINE  NO. 


3.7.2 


Record's?  Unit  (UD  202) 


The  Recorder  Unit  contains  ca  a-.alcg  .00  records!*  ri*:<il.nr  to 
RnstrfJc  Model  230,  a  resistor  bank,  end  a  buttery  condition  meter.  The 
approximate  else  cf  tUo  rocovdar  5.3  5-$/3‘!h  x  3--5/b!iw  ;;  4~l/3:,d.  The  overall 
sj.se  of  the  Hoconlsr  Unit  is  approximately  <1“  x  14"  x  10“ .  The  recorder 
'./hi eh  provides  un  i.nkloi.s ,  dry  writing,  rcctili r.cav  recording  shell  have  the 
follovdoj:  charactoilstics: 


Selectable  Chart  Speed 

Writing  Speed 
Chart  Speed  Accuracy 
Recording  »  Accuracy 

Full  -Scale  Range 

1 

Chart  biafci 
Chart  Soil*  length 


SoH.blo  for  1,  3,  4>  6,  10,  12 

end  15  inches/hoar 

1  strobe  per  2  seconds 

+  0.5;5 

+  ?;>  of  full  scale 
0  to  30  piU.iemps 

63  feet 


The  rrtnistbr'h.rnk  shall  contain  a  actable  resistor  to  adjust 

CiiO  OV^vJJ.  CiUTyilii  00  ijliO  iViWIUc.*)  .V.iiC'1  L:v  jL4i»ti.v^u  bi/  yv  i*:u« 

4»  Quality  Assurance  Provisions 

:* 

4«X  General  *• 

i 

The  e<pvipj£fnt  covered  by  this  specification  shall  be  subjected 
to  those  inspections  oval  tastvj  during  msiiuf&ctv.i’o  vhic  h  t'-'  '*5  coni'ij/  tent  with 
tbs  manufacturers  normal ?  quality  assurance  for  best  car.isrei.el  praetj.ee* 

4.2  Acceptance  Tests 
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the  significant  poxf or.-r-r.ee  requirements  of  this  specif lection. 

/,*3  Special  Toate 

Roqutrv.’uoAts  foi*  special  toots,  reliability  tort;,  •saint." inabi.1. 
dcBonstrsti ons ,  etc.,  if  any,  ahall  bo  »;ep.iv?to3/  cst  *dillohcd. 
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Appendix  0 


Installation  Specification 


for 

Scow  Indicating  DrsXt  Syats.M  ’( SI. 03) 


i  I 

i  1 

•  ! 

GP-lS-HS&tHP)  f  July  15,  197.1 


» 


R™rr  Bper&v 

l  ■■  - . I  SYSTEMS 


SYSTEMS  MANAGEMENT  DlVIE 


EQUIPMI 

V!S,aN  a  m 


EQU IPMEFJT  Sr'ECl  HO  AXIOM 
APPROVAL  RECORD 


INSTALLATION  SPaCIFJCATIOH 


SCO U  IN0XCATXKO  DRAFT  SYS1F.M 


(SIDS) 


P.  Eijssi-gotti 


APPROVALS 


POSITION 


7/3.5/71  Research  Suction  Head 


. ,  SFisRHY 

SYUTfcMfS  MANAGEMi 


3EMDM1'  DIVISION 


UOUIi'MF.MY  Sr  KC!  i:  iCATiOM 


X.  Scope 

This  Installation  Sp.35ificat.icii  establishes  the  roq’.U.x’cr'Svits 
for  installation  of  tha  Scow  Indicating  Draft  System  (SIDS)  aboard  tewed 
3COVJ3 *  The  SIDS  is  used  in  conjunction  with  the  I3?3  installed  on  tho 
towing  tug  to  provide  surveillance  of  ocean  dumping , 

2*  Reference  Spec:!  ficutions 

< 

o  Equipment  Specification- fox*  Scow  Indication  Draft  System  (SIDS), 
number  G?-1125~(K?) ,  dated  15  July  1971. 

o  Rouipasnt  Specification* for  L3P3  end  HELPS,  nusibor 
GP-11?.5(  Tip) ,  dated  15  July  1971. 

3.  Requirements 

3*1  System  Configuration 

Tho  SIDS  is  comprised  of  the  Draft  Sensing  Unit,  VD  201  end 
the  Recording  U:&t,  UD  202  as  shown  in  Figure  1.  Approximate  s.lsc  is  cs 
follows: 


Component 

Draft  Sensing  Unit 
Recording  Unit 


iik/rk a 


^BESS&aJ^SS 

10"  X  5"  X  17" 
8"  x  14"  x  10" 


Installed  Arrangement,  Mounting  and  Foundation 


The  Recording  Unit  containing  tho  EC  analog  recorder,  battery 
notar,  resistor  bank,  end  "Mark-How"  switch  are  mounted  in  ona  caso  end. 
shall  bo  installed  in  tho  see;:  dock  hours  in  a  convenient  location  for 
operation  and  servicing*  *lw  Draft  Sensing  Unit  shall  be  located  below 
decks  and  installed  on  existing  piping  inboard  c.C  sea  ccckn  so  that  it 
senses  sea  uater  pressure*  Vho  locution  shall  permit  occasional  servicing. 
HI  counting  rhall  bo  in  accord  vith  best  chip  practice . 

3*3  Electrical  Power  ! 

Tho  SIDS,  which  requires  a  v.oiin  »i  1.0  wait  at  l?.v  DC,  shall 
bs  operated  from  an  existin'.;/  battery  acme©!  aJboa.vd  tha  scow,  A  bnttny 
inter  contained  in  Recorder  Unit  If)  202  sln*3X  b*  utilised  to  chbok  batt.v.y 
condition  prior  to  leaving  decknido  for  a  dit;;p  retcalovu 
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TEMS  MANAGEMENT  OlVIGlON 
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LINE  NO. 


JIVIGlON 
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Ship’s  j 
Power 

(Horn,  lw  0  12V  EC) 


1  Rocording 

— •  Unit 
|  UO  202 


V)  (TM) 

Cr.ble  &  (p/M  TBk) 


§m 


M  (TBA)- 


Draft 
Sorting 
Unit 
3D  201 


J  Pipe  Connector 

Existing  Piping 
in  Scow 
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4. 

4.1 


Quality  Assurance  Provisions 
Inspection 


Inspection  of  vessel  preparation  shall  bo  accomplished  by 
vessel  owner  or  Ms  agent  and  shall  be  subject  to  review  and  approval  by 
HIDCIS  prior  to  installation  of  eqnipu&nt* 


4*2 


Checkout 


Checkout  of  installed  equipment  shall  bo  accomplished  by 
KYDOB  or  its  designee  in  the  presence  of  the  owner  or  Ms  agent  and  shall 
detemino  that  the  installed  equipment.  is  functioning  properly. 


4*3 


Opera  fcoi*  Training 


The  ays ten  requires  very  littlq  attention  during  normal 
operation  (replacement  of  recorder  paper,  "Mark-now5'  Manual  switch 
activation,  battery  status  check,  etc.).  This  is  normally  the  responsibility 
of  the  tug  vessel  Captain  and  is  scmetiKos  delegated  to  tho  hirst  Kate. 
Training  in  tho  above  operations  will  be  provided  at  tho  tile*  cf  equipment 
checkout. 


Motes 

Titles  to  Equipment 

The  equipment  of  tho  SIDS  shall  remain  the  property  of  tho 
HYECK,  Tempering  with  the  equipment  and/or  recorded  data  is  not  permitted, 
under  penalty  of  law*  Only  normal  operation  and  replacement  of  recorder 
paper  are  permitted  without  express  written  permission  of  flYDCK.  Each 
indication  or  suspicion  of  system  malfunction  or  need  for  other  maintenance 
ahull  bo  pi’O’iiptly  reported  (o.g.  iwlio  or  tolcphono)  to  NYECB,  Tho  ItYDCB 
will  ce  permitted  timely  access  for  servicing  end  iTtrovr.1/ re  placement  of 
faulty  oquipoonts* 


45  —H 


•0 — 

I 

j 

* 

4 

y 

! 

SKCNO. 

op  a>ur'j(n*) 

I'ATP !  • 

July  15,  l*;vi 

An 


I’AW 


Appendix  H 


Principal  Investigators 

This  study  va3  basically  perfumed  by  the  following  principal 
investigators  at  SS1D: 

Mr.  Pic  Bizzigotti  Research  Section  Head 

Mr.  John  Charlton  Program  Manager 

Consultation  and  contributions  were  nr.de  by  the  following  SSMD 

personnel  in  the  specific  areas  indicated: 


Mr.  U.  Bee  Legal 

Mr.  H.  dannals  Coamnicatior/ Radio  Direction  Finding 

Mr.  A.  “Ho in si Ivor  Reliability 

Mr.  G.  l^ias  Telemetry 

Mr.  M.  Hans  Ocean  Instrumentation 

Mr.  R.  Hudelson  Loran 

Mr.  J.  I«orrison  no  ran,  Omega 

Mr.  A.  Spsrbcr  Pcdar,  Beacons 

Mr.  R.  Wpchinger  General,  Printers,  Draft  Sensing 

Capt.  L.  Kapanka  Ship  Operation 
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